The Harttiini (Siluriformes, Loricariidae) from 
the Guianas: a multi-table approach to assess 
their diversity, evolution, and distribution* 

by 

Raphael CO VAIN* (1,2,3), Sonia FISCH-MULLER (1), Juan I. MONTOYA-BURGOS (2), 
Jan H. MOL (4), Pierre-Yves LE BAIL (5) & Stephane DRAY (3) 


ABSTRACT. - The Harttiini are a tribe of Loricariinae poorly characterized morphologically. Within the Guianas (French 
Guiana, Suriname, and Guyana), six valid species were recognized, including five Harttia, and the monotypic Harttiella 
crassicauda. Recent investigations conducted during the last decade by the authors and their co-workers, revealed sev¬ 
eral unidentified populations of Harttiini. Using a multivariate and multi-table approach unifying morphometry, genetics 
through DNA barcodes, and ecology-distribution of all populations and species, the global diversity and main evolutionary 
trends of this group were assessed. The separate analyses highlighted strong structures supporting the validity of three gen¬ 
era: Harttiella, Harttia, and Cteniloricaria, as well as nine new species (six Harttiella, two Harttia, and one Cteniloricar¬ 
ia), and one synonym. The combined analysis established a compromise between the preliminary ones, and revealed their 
common structure. This structure was found to be linked to the evolutionary history of Harttiini. Their evolution was driven 
toward adaptations to a definite type of biotope. These included modifications in size and shape, particularly of the caudal 
peduncle, depending on whether the species colonised rivers or mountainous forest creeks. A longitudinal evolutionary 
gradient was also highlighted in the geographical distribution of the species despite large overlaps. Notably, Harttiella pos¬ 
sessed the greatest number of species with the smallest distribution, making each of them highly vulnerable to anthropic 
perturbations of their environment. Nine new species are described and a key to all species from the Guianas is proposed. 


RESUME. - Les Harttiini (Siluriformes, Loricariidae) des Guyanes : une approche multi-tableaux afin d’evaluer leurs 
diversite, evolution et distribution. 

Les Harttiini representent une tribu de Loricariinae assez peu differenciee morphologiquement. Dans les Guyanes 
(Guyane franjaise, Suriname et Guyana), six especes valides etaient reconnues, incluant cinq Harttia et le monotypique 
Harttiella crassicauda. De recentes collectes realisees lors de la demiere decennie par les auteurs et leurs collegues, ont 
revele la presence de plusieurs populations non identifiees de Harttiini. En utilisant une approche multivariee et multi¬ 
tableaux unifiant morphometrie, genetique aux travers des codes barres ADN et ecologie-distribution de toutes les popu¬ 
lations et especes, la diversite globale et les principales tendances evolutives de ce groupe ont ete evaluees. Les analyses 
separees ont revele de fortes structures supportant la validite de trois genres : Harttiella, Harttia et Cteniloricaria, ainsi que 
neuf nouvelles especes (six Harttiella, deux Harttia et une Cteniloricaria) et un synonyme. L’analyse combinee etablit un 
compromis entre les analyses preliminaires et revele leur structure commune. Cette structure s’est averee liee a l’histoire 
evolutive des Harttiini. Leur evolution a conduit a des adaptations a un type defini de biotope. Celles-ci incluent des modi¬ 
fications de taille et de forme, en particulier du pedoncule caudal, selon que Fespece a colonise les rivieres ou les criques 
forestieres de montagne. Un gradient evolutif longitudinal de la distribution geographique des especes a egalement ete mis 
en evidence malgre de forts chevauchements. Le genre Harttiella possede ainsi le plus grand nombre d’especes ainsi que 
la plus petite distribution, rendant chacune d’entre elles particulierement vulnerable aux perturbations anthropiques de leur 
environnement. Neuf nouvelles especes sont decrites et une cle de toutes les especes des Guyanes est proposee. 


Key words. - Morphometry - DNA barcodes - COI gene - Ecology - Multiple co-inertia analysis - New species descrip¬ 
tions. 


The Neotropical freshwaters are home to one quarter of 
the total world ichthyodiversity, with a prediction of around 
8,000 extant species out of a mean estimation of 32,000 


(Leveque et al., 2008). In this context, the Guiana Shield 
region represents one of the most species rich regions of 
South America, with an estimated 2,200 freshwater fish spe- 
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cies, representing one quarter of the Neotropical fish diversi¬ 
ty, among which 700 are considered endemic (source WWF: 
http://wwf.panda.org/about_our_earth/ecoregions/guianan_ 
freshwater.cfm). For the Guiana Shield Vari and Ferraris 
(2009) listed 1,168 valid species of fish distributed in 15 
orders, and 49 families. Therein, excluding lowlands spe¬ 
cies, they reported 429 species in Guyana, 309 in Suriname 
with 34% species overlap between these two countries, and 
298 in French Guiana with 46% of shared species between 
French Guiana and Suriname. Planquette et al. (1996) listed 
429 species in French Guiana alone. Among this tremendous 
diversity, 80 valid species of Loricariidae were recorded 
from the three Guianas (Vari and Ferraris, 2009), including 
38 species in Guyana, 45 species in Suriname, and 25 spe¬ 
cies in French Guiana. 

The Loricariidae is a highly diversified catfish family 
comprising about 1,000 species, characterized by a depressed 
body covered by bony plates, a single pair of maxillary bar¬ 
bels, and by an important modification of the mouth structure 
into a sucker disk. Recent investigations conducted by the 
authors in Guyana, Suriname, and French Guiana revealed 
the presence of several new species and populations of Lori¬ 
cariidae belonging to the tribe Harttiini. 

The Harttiini represents a group of rheophilic fishes 
mainly distributed in the eastern part of South America, in 
rivers flowing across Brazilian and Guiana Shields. Most 
inhabit the main stream of rivers over rocky and sandy bot¬ 
toms, in swift currents where the water is clear and well 
oxygenated. The systematics of Harttiini has remained con¬ 
fused until now, due to their low morphological diversity. 
Isbriicker (1979) defined the Harttiini as having the dorsal 
fin originating approximately opposite to the pelvic-fin ori¬ 
gin, the caudal fin with 12 (rarely 11) soft rays, no orbital 
notch, and little variability in tooth and lip structures. In the 
same work, Isbriicker and Nijssen described Cteniloricar- 
ia , distinguishing it from Harttia by a slender body shape, 
a more deeply forked caudal fin, and the abdomen wholly 
covered by medium sized plates. Isbriicker (1979) placed 
Sturisoma, Harttia, Lamontichthys , Harttiella, Pterosturi- 
soma, Cteniloricaria, Sturisomatichthys , and Metaloricaria 
within Harttiini. Montoya-Burgos et al. (1998) proposed the 
first molecular phylogeny of the family Loricariidae, and 
provided evidence that the Harttiini, as defined by Isbriicker 
(1979), was not a monophyletic assemblage. Isbriicker {in 
Isbriicker et al., 2001) described Quiritixys only based on 
the unusual sexual dimorphism of Harttia leiopleura. Rapp 
Py-Daniel and Oliveira (2001) described seven species of 
Harttia, and put Cteniloricaria in the synonymy of Harttia 
mainly based on the characteristics of H.fowleri but without 
consulting the type species: Cteniloricaria platystoma. Fer¬ 
raris (2003, 2007) maintained the validity of Cteniloricaria, 
and put Quiritixys in the synonymy of Harttia. Provenzano 
et al. (2005), Covain et al. (2006), and Covain and Fisch- 


Muller (2007) maintained the synonymy of Cteniloricaria 
and Harttia. The latter also tentatively placed the monotypic 
genus Harttiella into Harttiini, suggesting Harttiella as a 
dwarf form closely related to Harttia. Covain et al. (2008) 
proposed the first molecular phylogeny of the subfamily, and 
redefined the systematics of the Loricariinae. They placed 
Metaloricaria within Loricariina, and Lamontichthys, Far- 
lowella, Sturisoma, and Sturisomatichthys within Farlowel- 
lina, both subtribes belonging to the tribe Loricariini. In the 
same work, they restricted Harttiini to Harttia. The Harttiini 
comprises currently 23 valid species, including eight species 
distributed on the Guiana Shield (including part of Brazil 
and Venezuela). Within the Guianas (Guyana, Suriname, and 
French Guiana), six valid species of Harttiini are recorded, 
including five species of Harttia, and one Harttiella. 

Harttiella crassicauda was initially collected by Gei- 
jskens and Creutzberg in the Nassau Mountains during the 
1948-1949 Suriname expedition (Bakker and Lanjouw, 
1949; Boeseman, 1953). This unusual species was described 
as a representative of Harttia by Boeseman (1953), but due 
to its particular morphology, Boeseman (1971) created the 
genus Harttiella to accommodate the species. Harttiella was 
characterized by a depressed body shape, broad head, body, 
and caudal peduncle, the absence of lateral and predorsal 
keels, the strongly spiny body plates, the naked belly, and a 
thick caudal peduncle (Boeseman, 1971). The species is only 
known from the Nassau Mountains in Suriname, an isolated 
plateau (570 meters above mean sea level) in Northeastern 
Suriname. Geijskens and Creutzberg described the habitat of 
Harttiella crassicauda as a small forest creek on top of Nas¬ 
sau Mountains, with a rocky bottom covered with sand and 
stones, and some falls. They located the creek as a tributary 
of the Marowijne River, but without providing more details. 
Mol and Ouboter (2004) mentioned that H. crassicauda was 
at risk of extinction or possibly already extinct because of 
mining activities in Nassau Mountains. However, in 2005 
Mol and co-workers collected the species for the second 
time, 56 years after its original collection. At the same time, 
they noted that H. crassicauda was still an endangered spe¬ 
cies due to potential degradation of its habitat by both small 
and large scale mining, and its restricted distribution in a sin¬ 
gle creek (Mol et al., 2007). By allowing a better grasp of its 
morphology and ecology, the rediscovery of H. crassicauda 
led to the discovery of additional populations potentially 
belonging to Harttiella in French Guiana 

In the present study, we provide a global assessment on 
the diversity of Harttiini within the Guianas that includes 
all species and populations collected during the last dec¬ 
ade. Based on a multi-table approach integrating genetics 
through DNA barcodes, morphometry, and ecology-distribu¬ 
tion of the different species and populations, the systemat¬ 
ics of Harttiini is revised, their main evolutionary trends are 
revealed, and new taxa are described. 
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MATERIAL AND METHODS 
Morphometry 

This study was based on 622 measured specimens and 
included all populations and species of Harttiini collected 
from the Guianas. Part of this material was previously ana¬ 
lysed by Covain et al. (2006), and is not listed again. The 
additional material, including type specimens of H.fowleri , 
H. guianensis , H. crassicauda, H. platystoma, and //. mac- 
ulata, was deposited in the Museum d’histoire naturelle, 
Geneva (MHNG), the Museum national d’Histoire naturelle, 
Paris (MNHN), the National Museum of Natural History- 
Naturalis, Leiden (RMNH), the British Museum of Natu¬ 
ral History, London (BMNH), the Centre for the Study of 
Biological Diversity, University of Guyana, Georgetown 
(CSBD), and the Academy of Natural Sciences, Philadelphia 
(ANSP). 

In the list of measured material, institutional acronyms 
and catalogue numbers are presented first, followed by the 
number of specimens in the lot, locality, collector and date 
of collection. Institutional acronyms follow Fricke and 
Eschmeyer (2010). To prevent artificial groupings, the dif¬ 
ferent populations collected in different basins were consid¬ 
ered independently. The taxonomy followed Covain et al. 
(2006), and the abbreviations used in the different analyses 
are provided between square brackets. 

H. platystoma : Guyana, Essequibo River drainage [Hplat], - 
BMNH 1866.8.14.124 lectotype of Loricariaplatystoma Gunther, 
1868, Surinam (?); MHNG 2651.080 (3), CSBD uncat. (2, ex 
MHNG 2651.080), Burro-Burro River, 2.5 km upstream of the 
confluence with the Siparuni River, Montoya-Burgos et al., 2 Nov. 
2004; MHNG 2650.093 (2), CSBD uncat. (3, ex MHNG 2650.093), 
Jamas Rapids at Kurupukari Cross, Montoya-Burgos et al., 31 Oct. 
2004; MHNG 2651.035 (3), CSBD uncat. (2, ex MHNG 2651.035), 
upper Rupununi, near Dadanawa ranch, Montoya-Burgos et al., 
26 Oct. 2004; MHNG 2650.090 (2), CSBD uncat. (1, ex MHNG 
2650.090), Essequibo River, Kurupukari Cross. Montoya-Burgos et 
al., 31 Oct. 2004; MHNG 2650.082 (2), CSBD uncat. (3, ex MHNG 
2650.082), Siparuni River, just downstream of Georges Creek, 
Montoya-Burgos et al., 2 Nov. 2004; ANSP 182390 (3), Essequibo 
River, Kurupukari Cross, Sabaj et al., 24 Oct. 2002; ANSP 182341 
(6), Kuyuwini River, 48.3 km E of Kuyuwini Landing, 182 km SE 
of Lethem, Sabaj etal., 6 Nov. 2003. 

H. maculata: Suriname, Corantijn River drainage [HmacC], 
- RMNH 26381 holotype of Parasturisoma maculata Boeseman, 
1971, upper Corantijn River basin, Sipaliwini, near airstrip; MHNG 
2704.021 (1), Corantijn River, Sir Walter Raleigh’s Falls, Mon¬ 
toya-Burgos et al., 15 Oct. 2007; MHNG 2704.016 (6), MHNG 
2704.017 (7). MHNG 2704.019 (3), Sipaliwini River, Paikali Rap¬ 
ids, Montoya-Burgos et al., 14 Oct. 2007; MHNG 2704.015 (2), 
Sipaliwini River, Yavi Sowa Rave Creek, Montoya-Burgos et al., 
14 Oct. 2007; MHNG 2704.022 (4), Curuni River, at Sir Walter 
Raleighwallen. Montoya-Burgos et al., 15-16 Oct. 2007; MHNG 


2704.027 (5), Sipaliwini River, in rapids, Montoya-Burgos et al., 
22 Oct. 2007; MHNG 2704.026 (7), Manicouni River, at conflu¬ 
ence with Sipaliwini River, Montoya-Burgos et al., 20 Oct. 2007; 
MHNG 2704.024 (10), Sipaliwini River, 15 min upstream of 
Kwamalasamutu village. Montoya-Burgos et al., 17 Oct. 2007; 
MHNG 2704.020 (11), Corantijn River, in Sir Walter Raleighval- 
len, Montoya-Burgos et al., 15 Oct. 2007. Suriname, Suriname 
River drainage [HmacS], - MHNG 2673.073 (1), Gran Rio River, 
Assigon. Montoya-Burgos et al., 31 Oct. 2005; MHNG 2671.047 
(1), Gran Rio River, Cajana around 200 m downstream of Kossindo 
village, Montoya-Burgos et al., 2 Nov. 2005; MHNG 2673.026 
(3), Gran Rio River, Cajana Creek, Montoya-Burgos et al., 2 Nov. 
2005; MHNG 2674.003 (5), Gran Rio River, Awaradam, Montoya- 
Burgos et al., 29 Oct. 2005. French Guiana-Suriname. Maroni/ 
Marowijn River drainage [HmacM], MHNG 2643.001 (1/2), Tam- 
poc River, Pierkourou Falls, Fisch-Muller et al., 13 Oct. 2000; 
MHNG 2683.037 (1), Crique Voltaire, Voltaire Falls, Fisch-Muller 
etal., 13 Nov. 2006; MHNG 2683.027 (3), Crique Voltaire, Voltaire 
camp, Fisch-Muller et al., 12 Nov. 2006; MHNG 2643.013 (1), 
Tampoc River, Pierkourou Falls, Fisch-Muller et al., 13 Oct. 2000; 
MHNG 2643.029 (1), Tampoc River, st. 6, Le Bail and Keith, 17 
Nov. 1998; MHNG 2643.027 (4/5), Grand Inini River, in reach, Le 
Bail etal., 28 Sept. 1997; MHNG 2717.042 (26), Paloemeu River, 
tributary of Tapanahony River at Weyu camp, Montoya-Burgos et 
al., 28-30 Oct. 2008. French Guiana, Mana River drainage [Hmac- 
Mn], MHNG 2700.054 (1), Crique Aya, 400 m downstream of Aya 
camp, Montoya-Burgos and Melki, 28 Nov.-4 Dec. 2007. 

H. surinamensis: Suriname, Suriname River drainage [Hsur], 

- MHNG 2674.007 (27), Gran Rio River, Awaradam, Montoya- 
Burgos etal., 29 Oct. 2005; MHNG 2674.042 (9), Gran Rio River, 
Cajana around 150 m downstream of Kossindo village, Montoya- 
Burgos etal., 28 Oct. 2005; MHNG 2673.014 (5), Gran Rio River, 
Cajana near Kossindo. Montoya-Burgos etal., 2 Nov. 2005; MHNG 
2673.033 (13/33), Gran Rio River, Cajana Creek. Montoya-Burgos 
et al., 2 Nov. 2005. 

H.fowleri : French Guiana, Oyapock River drainage [Hfow], 

- MNHN 1901-0372 holotype of Oxyloricaria fowleri Pellegrin, 
1908, Camopi River; MHNG 2680.091 (18), Oyapock River, Aliko- 
to Falls, Covain et al., 3 Nov. 2006; MHNG 2643.023 (2), Oyapock 
River, upstream of Maripa Falls, Fisch-Muller et al., 20 Oct. 1999; 
MHNG 2681.091 (1), Oyapock River, at mouth of Crique Moulou- 
koulou, Covain et al., 4 Nov. 2006. 

H. guianensis: French Guiana, Approuague River drainage 
[HguiAp], MNHN 1998-0395 holotype of Harttia guianensis Rapp 
Py-Daniel & Oliveira, 2001, Approuague River, Saut Athanase 
(52°1’W-4°11'N); MNHN 1998-0396 (2), paratypes, same data 
as holotype; MHNG 2621.097 (3/7), Approuague River, Mapaou 
Falls, Weber et al., 4 Nov. 2001; MHNG 2662.093 (4), Aratai 
River, Parare Falls, Fisch-Muller et al., 21 Nov. 2003; MHNG 
2662.099 (1), Aratai River, Crique Nourague, Fisch-Muller et al., 
21 Nov. 2003; MHNG 2662.100 (2), Aratai River, Crique Nour¬ 
ague, Fisch-Muller et al., 22 Nov. 2003; MHNG 2662.091 (3), 
Aratai River, Grand Japigny Falls, Fisch-Muller et al., 22 Nov. 
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2003. French Guiana, Maroni River drainage [HguiMr], MHNG 
2643.019(1), Maroni River, Creek near power station of Antecume 
Pata, Fisch-Muller and Weber, 20 Oct. 2000; MHNG 2643.010 (3), 
Litany River, W-SW Falls from Antecume Pata, Jegu et al., 24 Oct. 
2000. French Guiana, Sinnamary River drainage [HguiSi], MHNG 
2661.009 (5), Sinnamary River, Deux Roros Falls, Vigouroux, 
17 Nov. 2004; MHNG 2680.053 (3/34), Sinnamary River, Takari 
Tante Falls, Vigouroux, 15.10.2003. 

H. crassicauda : Suriname, Marowijn River drainage [Hcras], 
RMNH 19418 (8/15) holotype and paratypes of Harttia crassi¬ 
cauda Boeseman, 1953, Nassau Mountains, in creek, Suriname; 
MHNG 2674.051 (11). MHNG 2674.053 (3), Nassau Mountains, 
Paramaka Creek N1. Mol, 2 Nov. 2005; MHNG 2679.098 (4/5), 
Nassau Mountains, Paramaka Creek, Mol, Apr. 2006. 

Unidentified Harttiini: H. aff. maculata [Haffmac], MHNG 
2704.030 (12), Sipaliwini Savannah, Trio Amerindian territory, 
Suriname-Brazil border, Four Brothers Mountains, Paru de Oeste 
River, Trio tribe, 20-21 Oct. 2007. H. aff. trombetensis [Hafftrom]. 
MHNG 2704.029 (27), Sipaliwini Savannah, Trio Amerindian ter¬ 
ritory, Suriname-Brazil border, Four Brothers Mountains, Paru 
de Oeste River, Trio tribe, 20-21 Oct. 2007. H. sp. Coppename 
[HCopp]. MHNG 2690.012 (7), Suriname, Coppename River at 
Raleighvallen, Mol, 29 Nov. 2006; MHNG 2690.013 (17), Suri¬ 
name, Coppename River at Raleighvallen. Mol, 30 Nov. 2006. H. 
sp. Aratai [HArata], MHNG 2723.094 (16), French Guiana, Appr- 
ouague River, Balenfois Mountains, Crique Cascades, Gaucher, 
Feb. 2008. H. sp. Atachi Bakka [Hatach]. MHNG 2723.093 (6), 
French Guiana, Maroni River, Atachi Bakka Mountains, Gaucher, 
Jun. 2009. H. sp. Kotika [HCotic], MHNG 2695.059 (80), French 
Guiana, Maroni River, Kotika Mountains, Tostain, 05 Sept. 2007. 
H. sp. Lucifer [Hlucif], MHNG 2721.088 (10), French Guiana, 
Mana River, Lucifer Mountains, West of Crique Cascade, Montoya- 
Burgos and Fischer, 10 Feb. 2010; MHNG 2721.091 (7), French 
Guiana, Mana River, Lucifer Mountains, headwater of flowing 
toward Citron. Montoya-Burgos and Fischer, 11 Feb. 2010. H. sp. 
Mana [HMana], MHNG 2699.070 (45/53), French Guiana, Mana 
River, Trinite Mountains, Crique Baboune, Crique Aya around 
100 m in front of Aya Camp, Montoya-Burgos and Melki, 28 Nov.- 
04 Dec. 2007; MHNG 2699.098 (4), French Guiana,Trinite Moun¬ 
tains, Mana River, Crique Aya at foot of inselberg, Montoya-Burgos 
and Melki, 28 Nov.-04 Dec. 2007. H. sp. Orapu [HOrap], MHNG 
2682.055 (10), French Guiana, Tortue Mountains, Orapu River, 
Crique Grillon at ONF camp, Covain et al., 8 Nov. 2006; MHNG 
2724.002 (1), French Guiana, Tortue Mountains, Orapu River, 
Crique Grillon at ONF camp, Vigouroux et al., 7 Nov. 2003. H. sp. 
Saul [Hsaul], MHNG 2712.085 (6), French Guiana, Maroni River, 
Galbao Mountains, Crique Limonade,Tostain, 18 Mar. 2008. H. sp. 
Sinnamary [HSinna]. MHNG 2723.095 (1, ex MHNG 2643.030), 
French Guiana, Sinnamary River, Crique Cceur Maroni, Le Bail et 
al., 15 Oct. 1982 or 02 Feb. 1983. H. sp. Trinite [Htrinit]. MHNG 
2713.087 (5), French Guiana, Sinnamary River, Tabular Mountain 
of Trinite massif, Crique Grand Leblond, Tostain and Ravet, 6 Oct. 
2009. 


All specimens were measured with a digital calliper to 
the nearest 0.01 mm. The measurements and counts follow 
Covain et al. (2006) except for: (1) the premaxillary ramus 
length, due to difficulty and inaccuracy of the measurement; 
(2) the measurements related to the tail characteristics (total 
length, upper and lower caudal-spine lengths, and minimum 
caudal-fin length) due to numerous broken tails; and (3) the 
angular measurements of the snout a and (3 because these 
two measurements are highly correlated to the head depth 
and cleithral width respectively, and increased consequently 
redundancy in the dataset. While these seven measurements 
were excluded, we added the thoracic and abdominal lengths 
according to Isbriicker (1973), and the distances between the 
anus and the tip of the snout, and the anus and the insertion 
of the anal, pelvic and pectoral fins. The dataset therefore 
included 29 continuous morphometric variables, and 4 dis¬ 
crete meristic variables. The list of variables is provided in 
table I. Specimens smaller than 20 mm were excluded from 
the analyses to minimize the bias introduced by allometric 
growth. Because morphometric data are highly correlated 
between them, missing data (representing less than 0.45% of 
the whole data set) were estimated for specimens belonging 
to a given population using the least squares method with the 
standard length (SL) used as explanatory variable. 

In order to highlight the morphological structure of the 
species and populations under study, the data were subjected 
to multivariate analyses. Prior to the analyses, all measure¬ 
ments were standardized by the SL and log transformed. 
This transformation, equivalent to the additive log ratio of 
Aitchinson (1986), controls for size effect, preserves and 
linearizes allometric growth, and prevents spurious correla¬ 
tions of simple ratios (Atchley et al., 1976; Corrucini, 1977; 
Albrecht, 1978; Atchley and Anderson, 1978; Dodson, 1978; 
Hills, 1978). The final table included data on 618 specimens 
of Harttiini, from 23 different populations, and 32 columns. 
This table was then centred and reduced to allow compari¬ 
son of variables expressed in different units (here no unit for 
log ratio transformed measurements, and number of objects 
for the meristic data), and submitted to a principal compo¬ 
nents analysis (PC A) to reveal its structuring. PC A was per¬ 
formed with the ade4 1.4-14 (Dray and Dufour, 2007) and 
ade4TkGUI 0.2-5 (Thioulouse and Dray, 2007) packages in 
R 2.10.1 (R Development Core Team, 2009). 

Genetics 

To provide further evidence for the assessment of the glo¬ 
bal diversity of the Guianese Harttiini, the standard 648-bp 
5’ region of the cytochrome c oxidase I (COI) mitochondrial 
gene used for DN A barcodes was amplified. This DNA mark¬ 
er was sequenced in a total of 42 specimens representing 21 
populations and comprising at least one specimen per popu¬ 
lation. The list of material used for this analysis is provided 
in table II. Ethanol preserved tissue samples are deposited in 
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MHNG. Total genomic DNA was extracted with the DNeasy 
Tissue Kit (Qiagen) following the instructions of the manu¬ 
facturer. The PCR amplifications were carried out using the 
Taq PCR Core Kit (Qiagen). The primers used were Fish- 
F1 and Fish-Rl (Ward el al., 2005). The amplifications were 
performed in a total volume of 50 //1, containing 5 //I of lOx 
reaction buffer, 1 //I of dNTP mix at lOmM each, 1 //I of each 
primer at 10 //M, 0.2 p\ of Taq DNA Polymerase equivalent 
to 1 unit of Polymerase per tube, and 1 p\ of DNA. Cycles of 
amplification were programmed with the following profile: 
(1) 3 min. at 94°C (initial denaturing), (2) 35 sec. at 94°C, 
(3) 30 sec. at 54°C, (4) 50 sec. at 72°C, and (5) 5 min. at 
72°C (final elongation). Steps 2 to 4 were repeated 39 times. 
PCR products were purified with the High Pure PCR Prod¬ 
uct Purification Kit (Roche). Sequencing reactions were 
performed with the Big Dye Terminator Cycle Sequenc¬ 
ing Ready Reaction 3.1 Kit (Applied Biosystems) follow¬ 
ing instructions of the manufacturer, and were loaded on an 
automatic sequencer 3100-Avant Genetic Analyzer (Applied 
Biosystems, Perkin-Elmer). The sequences were deposited 
in GenBank, and accession numbers are provided in table II. 

The DNA sequences were edited and assembled using 
BioEdit 7.0.1 (Hall, 1999), and aligned manually since the 
coding COI gene aligned unambiguously in a single block. 
The GC content and base composition were computed using 
the seqinr 2.0-9 package (Charif and Lobry, 2007) in R, and 
usual tests of homogeneity of nucleotide frequencies and 
substitution saturation (Xia et al., 2003) were performed 
using Dambe 4.5.56 (Xia and Xie, 2001). The alignment 
was secondarily converted into a distance matrix using the 
Kimura 2 Parameters (K2P) metrics (Kimura, 1980) as 
implemented in ape 2.5 (Paradis et al., 2004; Paradis, 2006) 
in R, to evaluate sequence divergence. A Neighbour Joining 
(NJ) tree (Saitou and Nei, 1987) was reconstructed on this 
distance matrix to provide a cluster ordination of the species. 
This ordination did not correspond to a phylogeny, but rather 
to a group assignment using distances between sequences 
(whatever their evolutionary history). The NJ algorithm has 
the advantage over other agglomerative partitioning methods 
to preserve distances into branch lengths, and consequently 
to not enforce artificially the grouping of species (e.g., using 
a mean distance between clusters). To estimate robustness 
of the groupings, a nonparametric bootstrap analysis (Efron, 
1979) was performed following Felsenstein (1985) method¬ 
ology using 9,999 pseudoreplicates. In addition, a levelplot 
graph allowing a graphical representation of the distance 
matrix was computed using the lattice 0.18-3 (Sarkar, 2010) 
and colorRamps 2.3 (Keitt, 2009) packages in R. In a sec¬ 
ond analysis, the distance matrix was explored by a princi¬ 
pal coordinate analysis (PCoA) (Gower, 1966) using Cail- 
liez (1983) correction for non Euclidian distance matrices, 
to reveal its structuring onto axes. This analysis provides 
a tree-free representation of the distance matrix, where the 


pairwise distances between OTUs are equal to the genetic 
pairwise distances of the matrix. 

Ecology and distribution 

To highlight the environmental parameters structuring the 
different species and populations, four environmental vari¬ 
ables and three distributional variables were analysed. Envi¬ 
ronmental parameters [pH, conductivity, temperature, and 
habitat (main channel of rivers or creeks)] and distributional 
information (latitude, longitude, and altitude) were obtained 
from the field, the literature (Horeau et al., 1998; Negrel and 
Lachassagne, 2000; de Merona, 2005; Sondag et al., 2010), 
or generously provided by co-workers (B. de Merona, 
IRD Cayenne; P. Gaucher, CNRS Guyane; R. Vigouroux, 
Hydreco Guyane; and O. Tostain, Ecobios Cayenne). Envi¬ 
ronmental data extracted from the literature were included 
only if specimens examined by Covain et al. (2006) were 
from exactly the same localities. The final table included 88 
rows, corresponding to 19 populations and species, of which 
nine contained missing values. This dataset was submitted to 
multivariate analyses using the Non-linear Iterative Partial 
Least Squares (NIPALS) algorithm (Wold, 1966; Dray et al., 
2003) as implemented in ade4 1.4-14. This algorithm allows 
for PCA analysis on a table with missing data, and does not 
require the deletion of rows or variables containing missing 
values. The algorithm is based on successive linear regres¬ 
sions using an iterative procedure (Tenenhaus, 1998) and 
reconstructs the complete table (i.e., estimation of missing 
values) for further analyses. 

Multi-table analysis 

To synthesize the various types of information concern¬ 
ing Harttiini presented above (genetics, morphometry, and 
distribution-ecology), and identify the possible common 
structures present within all data sets, the three tables were 
linked by a multiple co-inertia analysis (MCOA) (Ches- 
sel and Hanafi, 1996). Prior to the analysis, all tables were 
restricted to the subset of populations (n =19) for which 
the three types of information were available. Each of the 
three reduced tables was reanalysed separately (PCoA for 
the genetic data, and PCA for the morphometric and ecologi¬ 
cal data) to reveal their structuring. Within-population vari¬ 
ability was eliminated by the computation of average values 
for each population. The table reconstructed by the NIPALS 
algorithm was used for the ecological table. A first assess¬ 
ment of a possible link between the three tables was obtained 
using the Congruence Among Distance Matrices (CADM) 
test (Legendre and Lapointe, 2004) as implemented in ape 
2.5 in R. The CADM test is a generalization of the Mantel 
test (Mantel, 1967) to test the null hypothesis of incongru¬ 
ence between several distance matrices. Additionally, an 
a posteriori procedure allows testing for the incongruence 
of a single distance matrix with respect to the other ones. A 
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Table I. - Descriptive morphometries and meristics of all Guianese Harttiini. Morphometric data expressed as percents of standard length (SL) or head length (HL). Abbreviations 
of the different morphometric variables used in the analyses are provided between square brackets. N: number of specimens measured. Computed statistics include holotype. 
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Diversity and evolution of Guianese Harttiini 


COVAIN ETAL. 



Holm (1979) correction for multiple testing is applied for a 
posteriori tests. Pairwise Mantel correlations of the rank- 
transformed distances between matrices can also be com¬ 
puted to estimate the strength of the link between each pair 
of matrices. The CADM test was computed using 9,999 per¬ 
mutations of the three distances matrices. Prior to its com¬ 
putation, Euclidian distances were estimated from the mean 
populationals’ scores of the two PCAs. 

MCOA identifies the common structure in all data sets 
by providing a consensual typology (the compromise) maxi¬ 
mizing the link with all tables simultaneously. This link is 


expressed by the sum of squared covariances between the 
linear combinations of the variables of each table and the 
compromise. 

Subsequently, in order to interpret the results provided by 
the MCOA from an evolutionary perspective, MCOA axes 
and associated variables were submitted to a test of phy¬ 
logenetic autocorrelation (Abouheif, 1999; Pavoine et al., 
2008). This test is equivalent to a Moran’s I (Moran, 1950) 
test of autocorrelation and was designed to detect similari¬ 
ties among adjacent observations in quantitative traits. The 
test was computed using the adephylo 1.1-0 package (Jom- 
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bart et al., 2010) in R using 9,999 random permutations. A 
control for false discovery rate for multiple testing under 
dependency (Benjamini and Yekutieli, 2001) was applied 
since all tested variables may be proved to be phylogeneti- 
cally dependent. The phylogenetic tree used for comparison 
was obtained from a study currently in progress (Covain et 
al., 2009a; 2009b; 2009c). The tree topology was computed 
using probalistic methods on a partitioned data set mixing 
mitochondrial and nuclear information. The COI marker 
was not used for this study, providing therefore a relatively 
independent observation. 

RESULTS 

Morphometric analysis of all populations and species of 
Guianese Harttiini 

Morphological data were mainly structured on the first 
two axes of PC A (Fig. 1C) that accounted for 70.34% of the 
total variation (53.02% for axis 1 and 17.32% for axis 2). 
The first axis split the Harttiini into three groups (Fig. 1A) 
corresponding to Harttiella representatives on the negative 
side, followed by representatives of Harttia , and finally rep¬ 
resentatives of the former Cteniloricaria except H.fowleri. 
The second axis split Harttia representatives on the nega¬ 
tive side, from Harttiella and the former Cteniloricaria 
representatives. Three morphological groups were conse¬ 
quently recognised and named: Cteniloricaria, Harttia, 
and Harttiella groups. On the positive side of axis 1, the 
Cteniloricaria group corresponded to high values for maxi¬ 
mum orbital diameter, number of plates in the lateral series, 
caudal peduncle length, and postdorsal length (Fig. IB). It 
consisted of representatives of the type species of the genus 
C. platystoma, different populations of H. maculata (Coran- 
tijn, Suriname, Maroni, and Mana Rivers) and a population 
from Paru de Oeste River. On the second axis, the Harttia 
group was characterized by high negative values for the 
number of dentary teeth, number of premaxillary teeth, body 
width at eighth postdorsal plate, body width at anal-fin ori¬ 
gin, and body width at fourteenth postdorsal plate (Fig. IB). 
The Harttia group comprised representatives of H. guianen- 
sis (Maroni, Sinnamary, and Approuague Rivers), H. suri- 
namensis, H.fowleri, and the populations from Coppename 
and Paru de Oeste rivers. The Harttiella group, located on 
the negative side of the first axis, corresponded to high val¬ 
ues for predorsal length, minimum caudal peduncle depth, 
anus to pectoral-fin origin length, cleithral width, interobital 
width, head depth at internostril, head depth, snout length, 
thoracic length, distal end of operculum to tip of snout 
length, pelvic spine length, body width at dorsal-fin origin, 
body depth at dorsal-fin origin, anus to tip of snout length, 
anus to pelvic-fin origin length, head length, nostril to tip of 
snout length, and abdominal length (Fig. IB). The Harttiella 


group comprised the type species of the genus, H. crassicau- 
da from Nassau Mountain in Suriname, and several popula¬ 
tions from French Guiana (Kotika Mountain, Trinite Moun¬ 
tains, Crique Grillon, Clique Aya, Crique Cascade, Clique 
Coeur Maroni, Crique Limonade, Atachi Bakka Mountains, 
and Lucifer Mountains). Two morphological tendencies 
were highlighted by the analysis, with a sub-group made up 
of H. crassicauda plus the populations from Kotika, Atachi 
Bakka and Trinite Mountains, and the other containing all 
other populations. The first group corresponded to stockier 
forms of the genus, whereas the second group assembled 
slender representatives. 

DNA barcode analysis of Guianese Harttiini 

The sequence alignment of the 42 barcodes reached a 
total length of 594 positions including a single ambiguity 
(Y in position 81 of the COI sequence of C. maculata from 
Suriname River). No insertions, deletions, or stop codons 
were observed in any sequence. The global base composi¬ 
tion was: A = 0.242, T = 0.290, G = 0.180, and C = 0.288. 
The yf test of heterogeneity of nucleotide frequencies among 
OTUs failed to reject the null hypothesis (yf =18.44, p-va- 
lue = 1) implying that the data set is not at base composi¬ 
tion equilibrium. A slight tendency toward AT enrichment 
was present in the data since the GC content per sequence 
(Tab. II) was always below 0.5 (mean = 0.468 ±0.012). In 
first codon position (GC1) the GC content reached a mean 
value of 0.538 ± 0.009, vs 0.440 ± 0.00077 in second posi¬ 
tion (GC2), and 0.426 ±0.034 in third position (GC3). The 
maximum in GC content was thus observed in first posi¬ 
tion, with a mean value above 0.5, whereas a minimum was 
reached in third position with a significant enrichment in AT 
bases (0.574). The test on the Index of substitution saturation 
(Iss) resulted in Iss significantly smaller than Iss.c assuming 
both a symmetrical and an asymmetrical topology, imply¬ 
ing little saturation in the data. The NJ tree reconstruction 
computed with the K2P distance matrix grouped the differ¬ 
ent species and populations within three clusters correspond¬ 
ing to the Harttiella, Cteniloricaria, and Harttia groups as 
previously defined with exception of H.fowleri that formed 
the root of the tree (Fig. 2A). These three groups possessed 
very strong statistical support (100% bootstraps). Within 
the Harttiella group the total amount of K2P corrected dis¬ 
tances varied from 0 to 0.12. In the NI tree, the first diverg¬ 
ing populations comprised representatives from Mana River 
(Lucifer Mountains and Crique Cascade) and Maroni River 
(Crique Limonade), a grouping statistically strongly sup¬ 
ported (100% bootstrap). These two populations were genet¬ 
ically almost identical with null K2P distances within-pop- 
ulation and a between-population distance of 0.0017. The 
second well-supported (100% bootstrap) diverging group 
comprised representatives from Approuague River (Crique 
Cascades), Mana River (Crique Aya), and Sinnamary River 
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(Trinite Mountains). Within-population variation ranged 
from 0 to 0.003, whereas between-population distances 
ranged between 0.0017 and 0.005. The last group, also sta¬ 
tistically well supported (72.3% bootstrap) comprised pop¬ 
ulations from Maroni River (Atachi Bakka Mountains and 
Nassau Mountains) including the type species H. crassi- 
cauda, and from Orapu River (Clique Grillon). The with¬ 
in-population variations ranged from 0 to 0.0017 whereas 
between-population variations were comprised between 
0.031 and 0.034. The Harttia group included all popula¬ 
tions of H. guianensis (Approuague, Sinnamary, and Maroni 
Rivers), H. surinamensis (Suriname River), and the popu¬ 
lations from Coppename and Paru de Oeste Rivers. Within 
the H. guianensis lineage, the K2P distances ranged from 0 
to 0.0017, and with other Harttia, it diverged by K2P dis¬ 
tances ranging from 0.064 (H. surinamensis ) to 0.077 (Paru 
de Oeste River). H. surinamensis diverged from other rep¬ 
resentatives by distances ranging from 0.012 (Coppename 
River) to 0.070 (Paru de Oeste River), while it differed by a 
mean distance of 0.065 with H. guianensis. The specimens 
from Coppename River diverged from other representatives 
by distances comprised between 0.012 (H. surinamensis ) 
and 0.068 (Paru de Oeste River). The population from the 
Paru de Oeste possessed the strongest divergence compared 
to other representatives, ranging from 0.068 (Coppename 
River) to 0.077 ( H. guianensis from Approuague River). 
The Cteniloricaria group comprised C. platystoma (type 
species), the different populations of C. maculata (Coran- 


tijn, Suriname, Maroni and Mana Rivers), as well as an 
unnamed population from Paru de Oeste River. The latter 
possessed the strongest divergence from other populations 
with K2P distances comprised between 0.057 (C. platysto¬ 
ma, Essequibo River) and 0.070 (C. maculata, Mana River). 
C. platystoma connected within the different populations 
of C. maculata and differed from them by distances vary¬ 
ing from 0.003 (Corantijn River) to 0.019 (Maroni River). 
The within-population variation in C. maculata ranged 
between 0.005 and 0.025. H.fowleri connected at the base 
of the tree, and possessed mean sequence divergences rang¬ 
ing from 0.149 with the Cteniloricaria group, and 0.182 
and 0.208 in average with the Harttia and Harttiella groups 
respectively. In the light of this topology the GC content was 
explored for the different groups constituted (with exclusion 
of H.fowleri, alone in its own group). Significant differences 
in mean were recorded for the global GC content (Kruskal- 
Wallis test: / 2 k-w = 15.8207, p-value = 0.0004), the first 
position (x 2 k-w = 11.9222, p-value = 0.0026), and the third 
position (x 2 k-w = 18.6343, p-value < 0.0001), but no sig¬ 
nificant difference was highlighted for the second position 
(X 2 k-w = 5.8333, p-value = 0.0541). Concerning the global 
GC content, a significant difference was detected between 
Harttia and Cteniloricaria + Harttiella groups, with Hart¬ 
tia having a smaller GC content [mean = 0.44 2 ± 0.007 
vi 0.470 ± 0.004 in Cteniloricaria (Wilcoxon test: W = 0, 
p-value = 0.0024) and 0.472 ± 0.003 in Harttiella (W = 0, 
p-value < 0.0001)]. No significant difference was recorded 



Figure 1. - Principal Components Analysis of the morphometric data table of Guianese Harttiini computed using the correlation matrix 
on log ratio transformed measurements and untransformed counts. A: Projection of the 618 individuals onto the first factorial plane of the 
PCA; populations and species labelled as in tables II and V, and the list of material. B: Correlation circle of the 32 morphometric variables 
labelled as in table I. Axis 1 horizontal, and axis 2 vertical. C: Eigenvalues. 
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between Cteniloricaria and Harttiella (W = 69, p-val- a greater GC1 content (mean = 0.548 ± 0.008) than Harttia 
ue = 0.4351). In the first position, Cteniloricaria possessed [mean = 0.530 ± 0.003 (W = 0, p-value = 0.0017)] and Hart- 
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Figure 2. - Analysis of the 42 DNA barcodes of Guianese Harttiini. A: NJ tree reconstructed from the K2P distances matrix computed on 
594 bases of the mitochondrial COI gene; numbers above branches indicate bootstrap support using 9,999 pseudoreplicates; scale indicates 
K2P distances; tips labelled as in table II and the list of material. B: Levelplot of the ordinated K2P matrix; scale indicates the levels of 
variation in K2P distances. C: Histogram of variation of the K2P distances using 861 pairwise comparisons; scale indicates the frequencies 
of pairwise comparisons in a definite range. D: Principal coordinates analysis of the K2P matrix; taxa labelled as in tables II and V, and the 
list of material. 
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Table II. - Taxa list, specimen and sequence data for the 42 Harttiini analysed in this study. Abbreviations of the different species and populations used in the analyses are pro¬ 
vided between square brackets. The acronyms of institutions follow Fricke and Eschmeyer (2010). 
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tiella [mean = 0.537 ± 0.007 (W = 146.5, p-value = 0.003)], 
whereas no difference in GC1 was found between Harttia 
and Harttiella (W = 48, p-value = 0.0789). In the third posi¬ 
tion, GC3 content was highly variable between groups with a 
significantly smaller GC3 in Harttia [mean = 0.357 ±0.013 
vs 0.423 ± 0.011 in Cteniloricaria (W = 0, p-value = 0.0025), 
and 0.439 ± 0.016 in Harttiella (W = 0, p-value < 0.0001)]. 
Moreover, the GC3 content was significantly lower in Cte¬ 
niloricaria than in Harttiella (W = 37.5, p-value = 0.0153). 

Assuming the ordination of the different species and 
populations reinforced by lineage-specific variations in GC 
contents, the matrix was reordinated and a levelplot recon¬ 
structed (Fig. 2B). Three levels of variation were recorded 
in the matrix corresponding to within species (between 
population), between species, and between genera lev¬ 
els. The within species level (light green) ranged from 0 to 
0.026 (mean = 0.003 ± 0.005). The between species within 
genera level (green to khaki to brown) ranged from 0.031 
to 0.119 (mean = 0.088 ± 0.033) and possessed the widest 
range of variation with 2 maxima (Fig. 2C). The first one 
was located at a mean value of 0.047 ± 0.011, and the second 
at 0.113 ± 0.002. The between genera level (dark red to light 
red) ranged from 0.139 to 0.232 (mean = 0.197 ± 0.019). 

The PCoA computed from the K2P distances matrix 
(Fig. 2D) splits the Harttiini along the two first axes that 
accounted for 71.24% of the total inertia. The first principal 
coordinate that explained 46.59% of the total inertia splits 
Harttiella in positive scores from Harttia and Cteniloricaria 
in negative scores. The second principal coordinate (24.64% 
of the total inertia) splits Harttia (positive scores) from Cte¬ 
niloricaria (negative scores). The position of H.fowleri, 
close to Cteniloricaria , was in contradiction with the mor¬ 
phology that grouped it among Harttia representatives. 

Analysis of the ecology and distribution of Guianese 
Harttiini 

The PCA computed using the NIPALS revealed struc¬ 
tures of the ecological and distributional data on the first 
axis (Fig. 3C) that explained 41.11% of the total variation. 
This axis splits the Harttiini into two groups (Fig. 3 A) with 
representatives of Harttiella in negative values, and repre¬ 
sentatives of Cteniloricaria and Harttia gathered together 
rather in positive values. The single specimen of Ctenilori¬ 
caria from Mana River drainage (Clique Aya) was grouped 
with representatives of Harttiella due to the fact that it was 
collected together with Harttiella representatives, and that 
if formed the unique known specimen from this drainage. 
Three variables were strongly correlated with the first axis 
(Fig. 3B): the altitude, the type of biotope and the tempera¬ 
ture. High altitude, creek, and low temperature characterized 
Harttiella, which are inhabitants of small creeks in moun¬ 
tainous areas where the water is cooler, whereas Harttia and 
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Cteniloricaria are representative of the main stream of riv¬ 
ers, in lowlands, where the water is warmer. 

Multiple co-inertia analysis of morphology, genetics and 
ecology of Guianese Harttiini 

The results obtained from the three previous analyses 
seemed to imply that a common structure was shared between 
the three types of information (morphology, genetics, and 
ecology), in particular considering the first axis. The three 
tables were consequently reduced to 19 common species and 
populations and submitted to preliminary analyses prior to the 
multi-table analysis. A first assessment of the relationships 
between morphology, genetics, and ecology was performed 
using the CADM test. Prior to its computation, mean popu¬ 
lation scores obtained from the PCA of the morphological 
and ecological data were converted into distances matrices 
using the canonical metrics. The K2P matrix was used as is. 
A first visual representation of the common structure present 
within each table was obtained by levelplots of the three dis¬ 
tances matrices (Tab. III). The structure of the information 
was mainly organized into three blocs corresponding to the 
three groups previously defined (Tab. Ill, columns Genetic 
and Morphology). The ecological data set (Tab. Ill, column 
Ecology) was organized into two blocs corresponding to the 
splitting between Harttiella and Harttia + Cteniloricaria 
despite important background noise. The global CADM test 
showed a strong and significant correlation between all dis¬ 
tance matrices (p-value = 0.0001; W = 0.666). A posteriori 
tests did not detect any conflicting matrix, since each of them 
displayed significant correlations with respect to the other 
matrices (Tab. III). Pairwise Mantel correlations highlighted 
that the genetic data were more correlated to the morpho¬ 
metric (Mantel = 0.596, p-value = 0.0001) and ecological 
data (Mantel = 0.509, p-value = 0.0001) than were the latter 
to morphometric data (Mantel = 0.393, p-value = 0.0007). 
The first plane of MCOA accounted for 74.11% of the 
total co-structure (54.74% for axis 1 and 19.37% for axis 
2) (Fig. 4C). MCOA statistics provided in table III showed 
that the amount of variation explained by MCOA axes is 
quite equivalent to those obtained in the separated analyses: 
99.46% ((0.481 + 0.252)/(0.486 + 0.251) = 0.733/0.737) 
of the genetic data structure, 99.39% of the morphological 
data structure, and 93.05% of the ecological data structure 
were recovered by the first two axes. The contribution of 
each table to the quantity maximized by MCOA (i.e., sum of 
squared covariances between the linear combinations of the 
variables of each table and the compromise) is also present¬ 
ed (Cov 2 in Tab. III). The associated correlations (Cos 2 in 
Tab. Ill) showed that the first two axes of the compromise 
are strongly linked to each separated table except for the sec¬ 
ond axis of ecological data (0.957 and 0.953 for the genetic 
data, 0.922 and 0.908 for the morphometric data, and 0.868 
and 0.324 for the ecological data). The first axis of MCOA 


aligned the Harttiella group (negative scores) followed by 
Harttia then Cteniloricaria groups (positive scores). The 
second axis splits Harttia from Cteniloricaria, but poorly 
characterized Harttiella. The projection of genetic, mor¬ 
phological and ecological information onto MCOA axes 
(Fig. 4A) illustrate the most important differences between 
the three types of information (dots) and the compromise 
established by the MCOA (labels). These differences mainly 
concerned the second axis, and particularly the specimen of 
C. maculata from Crique Aya. The second unstable posi¬ 
tion between the three tables and the compromise concerned 
H.fowleri, which stayed distinct but close to Harttia. Cor¬ 
relations with MCOA axes (Fig. 4B) allow identification 
of the most important variables. On axis 1 these variables 
corresponded, in decreasing order of scores (absolute values 
for negative scores), to: the altitude, conductivity, longitude, 
interobital width, minimum caudal-peduncle depth, predor¬ 
sal length, head depth, head depth at internostril, anus to tip 
of snout length, anus to pectoral-fin origin length, thoracic 
length, pelvic-spine length, distal end of operculum to tip of 
snout length, body depth at dorsal-fin origin, snout length, 
head length, cleithral width, and latitude in negative values, 
and to the: first principal coordinate of PCoA, biotope, tem¬ 
perature, number of plates in the lateral series, postdorsal 
length, caudal-peduncle length, number of lateral abdominal 
plates, and maximum orbital diameter in positive values. On 
the second axis the variables with greater scores correspond¬ 
ed to the second principal coordinate of the PCoA in negative 
values, and in decreasing order to the: body width at anal-fin 
origin, body width at eighth postdorsal plate, number of den¬ 
tary teeth, number of premaxillary teeth, and anus to pelvic- 
fin origin length in positive values (Tab. IV). 

The Abouheif’s tests identified a significant positive phy¬ 
logenetic autocorrelation for the first two axes of MCOA 
(C-meani = 0.8284, p-value = 0.0001; C-meam = 0.6907, 
p-value = 0.0001). No significant phylogenetic dependence 
was recovered on other axes that were consequently discard¬ 
ed from further interpretation. Results of tests conducted on 
the different variables constituting the three initial tables are 
provided in table IV. As expected, axes of the PCoA describ¬ 
ing the structure of the genetic data were found to be sig¬ 
nificantly positively autocorrelated with the phylogeny, and 
particularly axes 1 (Al) and 2 (A2) displaying the strongest 
scores (in absolute values) on axes 1 and 2 of the MCOA 
respectively. Twenty nine morphometric variables out of 32 
were found to be significantly phylogenetically dependent. 
Only three variables: the dorsal-spine length, the pectoral- 
spine length, and the anus to anal-fin origin length displayed 
variations independent from the phylogeny. Concerning the 
ecological and distributional variables, two ecological vari¬ 
ables (type of biotope and temperature), and two geographi¬ 
cal variables (altitude and longitude) were found to be posi¬ 
tively linked to the evolutionary history of Harttiini. 
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Figure 3. - Principal Components Analysis of the ecology-distribution data of Guianese Harttiini using the NIPALS algorithm for missing 
data. A: Projection of the 88 individuals onto the first factorial plane of the PCA; populations and species labelled as in tables II and V, 
and the list of material. B: Correlation circle of the 4 ecological and 3 distributional variables: biotope: type of biotope 1 = creek, 2 = river; 
Temp: temperature in degrees Celsius; pH: potential Hydrogen; Cond: conductivity in/(S.cnr 1 ; Lat: latitude in decimal degrees; Long: lon¬ 
gitude in decimal degrees; Alt: altitude in meters above sea level. Axis 1 horizontal, and axis 2 vertical. C: Eigenvalues. 




Figure 4. - Multiple co-inertia analysis. Projection of data coordinates of preliminary analyses (PCoA of genetic data and PCAs of mor¬ 
phological and ecology-distribution data) onto axes 1 and 2 of the multiple co-inertia analysis. A: Reference structure (labels) and super¬ 
imposed normalized individuals’ scores of preliminary analyses (dots) in the multiple co-inertia plane; populations and species labelled as 
in tables II and V, and the list of material. B: Coordinates of the variables in the first multiple co-inertia plane (labelled as in Tab. IV). C: 
Eigenvalues of the multiple co-inertia analysis. 
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TAXONOMIC IMPLICATIONS 

Based on these results, the systematics of Guianese Hart¬ 
tiini is revised. Due to the very strong genetic, morphologi¬ 
cal and ecological groupings, three valid genera are here 
recognized: Cteniloricaria , Harttiella, and Harttia (their 
diagnosis is presented later on in this chapter). Several popu¬ 
lations within these three genera represent new taxa, and one 
synonymy is highlighted. For diagnoses of new species and 
redescriptions of formerly described species, all variables 
were submitted to an analysis of variance between species, 
and significant differences in mean were evaluated using the 
Tukey’s Honest Significant Differences (HSD) post-hoc test 
using a 95% confidence interval. This single-step multiple 
comparison procedure allows to find which means are sig¬ 
nificantly different from one another. Prior to the analysis of 
variance, individuals’ measurements were rank-transformed 
by species to reduce problems related to small samples. 

Cteniloricaria Isbriicker & Nijssen, 1979 

Cteniloricaria Isbriicker & Nijssen, in Isbriicker, 
1979: 91. Type species: Loricaria platystoma Gunther, 


1868. Type by original designation. Gender: Feminine. 

Cteniloricaria is distinguished from all other Guianese 
Harttiini by 30 morphometric variables (Tab. V) among 
which, six possessed very strong loadings onto PCA axes 
(Fig. IB). Cteniloricaria is characterized by a slender 
appearance with a greater postdorsal length representing 
on average 61.53 ± 1.14% of SL vs 56.91 ± 1.36 in Harttia 
(Tukey HSD, p-value < 0.0001) and 51.18 ± 2.96 in Hart¬ 
tiella (HSD, p-value < 0.0001), a longer caudal peduncle 
[mean = 51.69 ± 1.16% of SL vs 47.88^± 1.39 (HSD, p-val- 
ue < 0.0001) and 40.73 ±3.41 (HSD, p-value < 0.0001) 
in Harttia and Harttiella, respectively], a greater anus 
to anal-fin origin length [mean = 8.89 ± 0.52% of SL vs 
8.67 ± 0.57 (HSD, p-value = 0.004) and 8.49 ± 1.27 (HSD, 
p-value < 0.0001) in Harttia and Harttiella, respective¬ 
ly], larger eye with a greater maximum orbital diameter 
[mean = 23.40 ± 2.11% of HL vs 22.80 ± 1.50 (HSD, p-val- 
ue = 0.0016) and 17.38 ± 1.68 (HSD, p-value < 0.0001) in 
Harttia and Harttiella, respectively], more numerous plates 
in the lateral series [mean = 30 ± 1 vs 29 ± 1 (HSD, p-val- 
ue < 0.0001) and 25 ± 1 (HSD, p-value < 0.0001) in Harttia 
and Harttiella, respectively], and a greater number of lat- 


Table III. - Main characteristics of the 
multi-table analysis computed on the 
restricted data set (n = 19). Genetic: 
genetic data table; Morphology: mor¬ 
phometric data table; Ecology: ecolo¬ 
gy-distribution data table. Levelplot: 
graphical representation of the structure 
of each data set converted into distanc¬ 
es matrix: K2P distances for the genetic 
data, and Euclidian distances for the 
morphometric and ecology-distribution 
data. CADM: test of congruence among 
distances matrices. Mantel .mean: cor¬ 
relation of each matrix with respect to 
the two other matrices, p-value: sig¬ 
nificance of the test for a = 0.05 using 
Holm’s correction. Mantel correlations: 
pairwise Mantel correlations of the 
rank-transformed distances between 
matrices. MCOA: multiple co-inertia 
analysis. Inertia: maximum inertia pro¬ 
jected onto the two first axes of the sim¬ 
ple analyses (eigenvalues of the PCoA 
for the genetic data, and eigenvalues of 
PCAs for the morphometric and ecolo¬ 
gy-distribution data tables). Co-inertia: 
inertia of the three tables projected onto 
the two first multiple co-inertia axes. 
Cos 2 : correlation between the scores 
of each table and the synthetic vari¬ 
able of same rank (axes 1 and 2). Cov 2 : 
squared covariance between the scores 
of each table and the synthetic variable 
of same rank (maximized by the analy¬ 
sis); note that Cov 2 provides the contri¬ 
bution of each table to the compromise 
established by the multiple co-inertia 
analysis. 



CADM 
Mantel .mean 
p-value 

Mantel correlations 
Genetic 
Morphology 
Ecology 
MCOA 
Inertia 

Axis 1 
Axis 2 
Co-Inertia 
Axis 1 
Axis 2 

Cos 2 

Axis 1 
Axis 2 

Cov 2 

Axis 1 
Axis 2 


0.553 

0.494 

0.451 

0.0003 

0.0003 

0.0003 

1.000 

0.596 

0.509 

0.596 

1.000 

0.393 

0.509 

0.393 

1.000 

0.486 

0.608 

0.458 

0.251 

0.215 

0.175 

0.481 

0.586 

0.456 

0.252 

0.232 

0.133 

0.957 

0.922 

0.868 

0.953 

0.908 

0.324 

0.461 

0.541 

0.396 

0.241 

0.211 

0.043 
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Table IV. - Tests against phylogenetic dependence of the variables constituting the different data sets. Variables: A1 to A5: five first eigen¬ 
values of the PCoA of the K2P distances matrix; Ltet to Nbscutvent: morphometric variables labelled as in table 1; biotope to Long: ecolo¬ 
gy-distribution variables labelled as in figure 3. Axis 1: scores of the different variables onto the first multiple co-inertia axis; Axis 2: scores 
of the different variables onto the second multiple co-inertia axis; C-mean: Abouheif’s measures of local autocorrelation corresponding to 
the degree to which related species are close from each other in a given trait; p-value: uncorrected significance of the Abouheif’s test for 
a = 0.05; C p-value: corrected p-value using the control for false discovery rate for multiple testing under dependency. 


Variable 

Axis 1 

Axis 2 

C-mean 

p-value (x>Xobs.) 

C p-value ( X >Xobs.) 

A1 

0.6719 

0.1392 

0.8457 

0.0001 

0.0011 

A2 

0.0944 

-0.4704 

0.7086 

0.0001 

0.0011 

A3 

-0.0010 

0.0635 

0.5478 

0.0021 

0.0115 

A4 

-0.0061 

0.0314 

0.4317 

0.0005 

0.0032 

A5 

0.0153 

0.0018 

0.4128 

0.0060 

0.0312 

Ltet 

-0.1406 

0.0875 

0.6830 

0.0001 

0.0011 

Labd 

-0.1216 

0.0914 

0.4795 

0.0009 

0.0052 

LpreDo 

-0.1691 

0.0421 

0.8059 

0.0001 

0.0011 

LpostDo 

0.1613 

-0.0538 

0.7392 

0.0001 

0.0011 

LpostAn 

0.1594 

-0.0345 

0.7275 

0.0001 

0.0011 

Lmus 

-0.1443 

0.0819 

0.7518 

0.0001 

0.0011 

LnarBM 

-0.1187 

0.1103 

0.6680 

0.0001 

0.0011 

Lthor 

-0.1549 

0.0219 

0.6527 

0.0002 

0.0018 

Lpect 

-0.0355 

0.0950 

0.2661 

0.0383 

0.1842 

Lpelv 

-0.1540 

0.0222 

0.6340 

0.0002 

0.0018 

Ldo 

0.0177 

0.0370 

0.0265 

0.4021 

1.0000 

Lan 

-0.1288 

-0.1052 

0.6790 

0.0001 

0.0011 

ltet 

-0.1392 

0.0988 

0.7495 

0.0001 

0.0011 

IcorDo 

-0.1088 

0.1260 

0.6606 

0.0005 

0.0032 

IcorAn 

0.0004 

0.1574 

0.5890 

0.0002 

0.0018 

Hcor 

-0.1473 

-0.0354 

0.4916 

0.0010 

0.0057 

Htet 

-0.1668 

-0.0186 

0.7478 

0.0002 

0.0018 

HminPC 

-0.1721 

0.0082 

0.8049 

0.0001 

0.0011 

Hintnar 

-0.1666 

0.0244 

0.7646 

0.0001 

0.0011 

Dmoeil 

0.1256 

0.0487 

0.5301 

0.0005 

0.0032 

Distintorb 

-0.1733 

0.0055 

0.8190 

0.0001 

0.0011 

OpercBM 

-0.1536 

0.0690 

0.7490 

0.0001 

0.0011 

Danpelv 

-0.0727 

0.1403 

0.5536 

0.0006 

0.0037 

Danpect 

-0.1565 

0.0643 

0.7682 

0.0001 

0.0011 

Danan 

0.0565 

-0.0438 

0.3310 

0.0135 

0.0666 

Danmus 

-0.1625 

0.0552 

0.7657 

0.0001 

0.0011 

18 

-0.0042 

0.1550 

0.5470 

0.0003 

0.0024 

114 

-0.0623 

0.1259 

0.5276 

0.0008 

0.0048 

Nbdtssup 

0.0688 

0.1493 

0.6088 

0.0005 

0.0032 

Nbdtsinf 

0.0613 

0.1510 

0.5865 

0.0005 

0.0032 

Nblongit 

0.1736 

-0.0024 

0.8200 

0.0001 

0.0011 

Nbscutvent 

0.1263 

-0.0340 

0.5362 

0.0003 

0.0024 

biotope 

0.3254 

0.1362 

0.6626 

0.0003 

0.0024 

Temp 

0.3174 

0.0612 

0.5407 

0.0005 

0.0032 

PH 

0.1044 

-0.0868 

-0.2344 

0.9420 

1.0000 

Cond 

-0.1991 

-0.0745 

0.2276 

0.0796 

0.3735 

Alt 

-0.3015 

-0.0899 

0.4825 

0.0026 

0.0139 

Lat 

-0.1332 

0.0550 

-0.0730 

0.6673 

1.0000 

Long 

-0.1745 

0.0984 

0.3917 

0.0079 

0.0400 
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eral abdominal plates [in mean 8 ± 2 vs 7 ± 2 (HSD, p-val- 
ue = 0.0111) and 6 ± 1 (HSD, p-value < 0.0001) in Harttia 
and Harttiella, respectively]. The following combination of 
characters also differentiates the genus: abdomen complete¬ 
ly covered with medium sized rhombic plates, these plates 
becoming more numerous and decreasing in size toward the 
head; abdominal cover reaching gill opening, not organized 
in rows, and complete around 70 mm SL; presence of a black 
crescent in the caudal fin. 

Within the Cteniloricaria group strong genetic diver¬ 
gences and morphological structures were found with sig¬ 
nificant differences in PCA scores for the first axis (x 2 k- 
w = 13.7128, p-value = 0.0175), but not for the second 
(X 2 k-w = 8.4508, p-value = 0.1331). No significant differ¬ 
ences in shape (W = 1118, p-value = 0.1383), nor in genetics 
(K2P = 0.003) were recorded between C. platystoma from 
Essequibo drainage [described from Suriname (Gunther, 
1868), but subsequently restricted to Guyana (Boeseman, 
1971)] and C. maculata from Corantijn River (type locality, 
Sipaliwini River). As a consequence, C. maculata falls here 
into the synonymy of C. platystoma. This latter therefore 
includes all populations from the Essequibo in Guyana to the 
Sinnamary River in French Guiana, including Mana River 
(new record). All barcoded populations previously recorded 
as C. maculata fell within the usual range of populational 
variation of COI barcodes (< 0.03). Populations from French 
Guiana nevertheless displayed stronger differences in genet¬ 
ics (0.017 to 0.026) and shape (W = 2930, p-value = 0.0161) 
with respect to Western populations. A shift between mor¬ 
phology and genetics was also observed with populations 
from Maroni, Mana, and Suriname Rivers exhibiting simi¬ 
lar appearance (x 2 k-w = 0.1398, p-value = 0.9325), whereas 
genetically the latter was more closely related to popula¬ 
tions from Corantijn and Essequibo Rivers (in mean 0.013 
vs 0.025 K2P divergence). A population from Paru de Oeste 
River displayed strong genetic differences of specific level 
(K2P distances > 0.05), but displayed few morphometric dif¬ 
ferences compared to C. platystoma. Only 12 morphometric 
variables out of 32 distinguished significantly both species 
(Tab. V). The colour pattern also distinguished the popula¬ 
tion from Paru de Oeste River from the previous species. 

Cteniloricaria platystoma (Giinther, 1868) 

(Supplementary material SI) 

Loricariaplatystoma Gunther, 1868: 478. Type locality: Suri¬ 
nam (?). Lectotype: BMNH 1866.8.14.124, designated by Isbriick- 
er (1979: 113). 

Oxyloricariaplatystoma (Gunther, 1868): Regan, 1904: 298. 

Parasturisomaplatystoma (Gunther, 1868): Boeseman, 1971: 
37. 

Cteniloricaria platystoma (Gunther, 1868): Isbriicker, 1979: 
91; Isbriicker, 1980: 89; Burgess, 1989: 440; Isbriicker, 2001: 26, 
29; Isbriicker, 2002: 15; Ferraris in Reis et al., 2003: 331; Ferraris, 


2007: 233; Vari et al., 2009: 39. 

Harttia platystoma (Gunther, 1868): Eigenmann, 1912: 251; 
Rapp Py-Daniel and Oliveira, 2001: 80, Provenzano et al., 2005: 
521; Covain etal., 2006: 17. 

Parasturisoma maculata Boeseman, 1971: 33,pi. 5.Type local¬ 
ity: Sipaliwini, near airstrip, upper Corantijn River basin, Surinam. 
Holotype: RMNH 26381. 

Harttia maculata (Boeseman, 1971): Rapp Py-Daniel and 
Oliveira, 2001: 80; Provenzano et al., 2005: 521; Covain et al., 
2006: 9. 

Cteniloricaria maculata (Boeseman, 1971): Isbriicker, 1979: 
91; Burgess, 1989: 440; Le Bail et al., 2000: 268; Isbriicker, 2001: 
26, 30; Isbriicker, 2002: 15; Ferraris in Reis et al., 2003: 331; Fer¬ 
raris, 2007:233. 

Morphometric and meristic data are provided in table 

I, and GenBank accession numbers for barcodes in table 

II. Twelve morphometric variables distinguish C. platys¬ 
toma from its congener (Tab. V). Cteniloricaria platys¬ 
toma is distinguished from C. napova n. sp. by a great¬ 
er postdorsal length (mean = 61.60 ± 1.14% of SL vs 
60.73 ± 0.74; HSD, p-value = 0.006), longer caudal peduncle 
(mean = 51.74 ± 1.14% of SL vs 51.03 ± 0.90; HSD, p-val- 
ue = 0.0191), and pelvic-fin spines (mean = 18.10 ± 1.01% 
of SL vs 17.53 ± 0.42; HSD, p-value = 0.0342), a wider 
body at eighth postdorsal plate (mean = 9.34 ± 0.97% of 
SL vs 8.85 ± 0.58; HSD, p-value = 0.0348), a greater nos¬ 
tril to tip of snout length (mean = 39.16 ± 2.70% of HL vs 
36.86 ± 1.93; HSD, p-value = 0.009), and interorbital width 
(mean = 22.50 ± 1.11% of HL vs 21.51 ± 1.29; HSD, p-val- 
ue = 0.0025). K2P distances to congeneric species ranged 
from 0.056 to 0.070 according to the population. Its col¬ 
ouration makes it difficult to observe in its natural habitat 
(Supplementary material S2). The background colour of 
the dorsal surface is brown with darker indistinct marbling 
forming black transverse bands toward the tail. Limits of 
plates are well defined and appear darker, particularly in the 
anterior region. Areas with golden to bronze shimmers are 
present below the eyes, eye copper-coloured. A black cres¬ 
cent is present in the caudal fin, sometimes extending toward 
the lower lobe making it almost black. A black colouration 
may be also present in the anterior and uppermost part of 
the dorsal fin. All fins but anal possess dark punctuation on 
rays forming stripes. The lower surface is yellowish tan. The 
teeth are not numerous for a Harttiini (around 40 on each 
jaw), pedunculated, and arranged in a single, comblike row. 
Sexual dimorphism has never been reported despite a large 
sampling effort. It could be therefore different from what 
is commonly reported for other Harttiini. Indeed, certain 
specimens exhibit much longer pectoral and dorsal fins, the 
pectoral spines sometimes bearing short but more developed 
odontodes on their external surface, compared to others of 
the same size collected at the same place. Such specimens 
may represent males, which typically exhibit this type of 
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Table V. - Tukey’s Honest Significant Differences post-hoc tests between genera (black dots) and within genera-between species (grey dots) for all morphometric variables. Pres¬ 
ence of dots refers to significant differences in mean for the genus under consideration (or the species of a given genus), against all other genera (or species belonging to the same 
genus). Variables labelled as in table I. Labels refer to the labels used in the analyses for the different populations of a species and the different species. 
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Nbscutvent 

• • • 



• 

Nblongit 

• • • 




Nbdtsinf 

• • • 




Nbdtssup 

• • • 

• • 



Hintnar 

• • • 


• 


Htet 

• • • 

• • 


• 

Distintorb 

• 

• • 

• 

• 

Dmoeil 

• • • 



• 

OpercBM 

• • • 




Itet 

• • • 




LnarBM 

• • • 

• • 


• 

Lmus 

• • • 



• 

HminPC 

• • • 


• • • 

• 

Hcor 

• • • 

• • 

• 


114 

• • • 


• 


18 

• • • 

• • 

• 

• 

lcoi'An 

• • • 




IcorDo 

• • • 

• • 

• 


Danmus 

• • • 


• 

• 

Danan 

• • • 




Danpect 





Danpelv 

• • • 


• 


Lan 

• • • 




Ldo 





Lpelv 

• • • 

• • 

• • 


Lpect 

• 


• 


Lthor 

• • • 




Labd 

• • • 




LpostAn 




• 

LpostDo 




• 

LpreDo 

• • • 

• • 


• 

Ltet 

• • • 



• • 

Labels 

, , , 

Hplat, HmacC, HmacS, HmacM, HmacMn 

Haffmac 

Hcras 

Horap 

Hatach 

Htrinit 

Hlucif, Hsaul 

Hmana, Harata, Hsinna 

Hcotic 

HguiMr, HguiSi, HguiAp 

Hsur 

HCopp 

Hafftrom 

Hfow 

Genus/species 

Cteniloricaria 

Harttiella 

Harttia 

C. platystoma 

C.napova 

HI. crassicauda 

Hl.pilosa 

Hl.parva 

HI. intermedia 

HL lucifer 

HL longicauda 

HLjanmoli 

H. guianensis 

H. surinamensis 

H. fluminensis 

H. tuna 

H.fowleri 


feature in other species. If it is confirmed, the 
lectotype of C. platystoma represents thus a male 
specimen, whereas the holotype of C. maculata 
corresponds to a female. This is a widespread 
species distributed in almost all Atlantic coastal 
drainages from Essequibo in Guyana to Sin- 
namary in French Guiana (Fig. 5). It is an inhabit¬ 
ant of the main channel of rivers where it coloniz¬ 
es rocky and sandy areas, in fast flowing waters. 
The species is locally abundant, particularly in its 
western distribution where it forms the only rep¬ 
resentative of the Harttiini. When it is sympatric 
with other Harttiini such as Harttia surinamensis 
or H. guianensis, its occurrence becomes scarcer, 
probably due to competitive exclusion, and it is 
more frequently observed in the marginal areas of 
its preferred biotopes, or even in forest creeks. 

Cteniloricaria napova Covain & Fisch-Muller, 
new species (Figs 5,6; Tabs I, II) 

Holotype 

MZUSP 108146 (ex MHNG 2704.030, speci¬ 
men SU07-667), 113.20 mm SL, Sipaliwini 
Savannah in Trio Amerindian territory at the Suri- 
name-Brazil border. Four Brothers Mountains in 
a tributary of the Paru de Oeste River, gift of the 
Trio tribe in Sipaliwini, 20-21 Oct. 2007. 

Paratypes 

MHNG 2704.030 (6); MZUSP 108147 (2, 
ex MHNG 2704.030); MNHN 2011-0017 (2, ex 
MHNG 2704.030); National Zoological Collec¬ 
tion of Suriname (NZCS) NZCS F7071 (1, ex 
MHNG 2704.030), same data as holotype. 

Diagnosis 

C. napova is distinguished from C. platys¬ 
toma , its only congener, by its distinctly spotted 
colour pattern vs indistinctly marbled, and its 
specific barcode sequence (JF292256). Addi¬ 
tionally, it is distinguished by a greater pre¬ 
dorsal length (mean = 30.91 ± 0.38% of SL 
vs 29.91 ± 0.90 in C. platystoma', HSD, p-val- 
ue < 0.0001), anus to pectoral-fin origin length 
(mean = 23.92 ± 0.89% of SL vs 23.31 ± 0.93; 
HSD, p-value = 0.0429), body width at dor- 
sal-fin origin (mean = 15.17 ± 0.61% of SL vs 
14.62 ± 0.91; HSD, p-value = 0.0228), body 
depth at dorsal-fin origin (mean = 10.04 ± 0.69% 
of SL vs 9.16 ± 1.00; HSD, p-value = 0.0012), 
head depth (mean = 42.21 ± 2.37% of HL vs 
40.83 ± 2.85; HSD, p-value = 0.029), and more 
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numerous premaxillary teeth (mean = 47 ± 6 vs 40 ± 12; 
HSD, p-value = 0.0099). 

Description 

Morphometric and meristic data in table I, and GenBank 
accession number in table II. 

General aspect of fish slender and depressed, especially 
posterior to dorsal fin. Head triangular in dorsal view, with 
sides straight and snout slightly rounded. Eye large, orbit 
round, smooth, without notch. Odontodes very short, mak¬ 
ing fish rather smooth. Snout tip naked. 

Mouth elliptic with large upper and lower lips. One buc¬ 
cal papilla. Surface of lips papillose, papillae numerous. 
Distal margin of the lower lip fringed with minute triangu¬ 
lar papillae. Maxillary barbel minute. Teeth numerous (> 40 
per jaw), pedunculated and arranged in a single, comblike 
row. Subpreopercle large and triangular densely covered 
by odontodes. Abdomen completely covered by medium 
to small rhombic plates between lateral abdominal plates. 
Plates reaching gill opening, decreasing in size and becom¬ 
ing more numerous toward pelvic girdle. Abdominal plates 
not or poorly organized in rows. Throat not covered. Two 
large preanal plates. Seven to 11 (modally 7) lateral abdomi¬ 
nal plates, plates keeled but not sharp. Thirty plates in medi¬ 
an lateral series, plates keeled, coalescing in last nine to ten 
plates. Caudal peduncle becoming slightly more compressed 
in the last 10 plates. 

Posterior margin of dorsal fin straight, generally with 
first and second branched ray longest. Dorsal and pectoral 
fins with i,6 rays. Pectoral spine longer than branched rays, 
reaching beyond pelvic-fin origin. Pelvic fin with i,5 rays; 
spine longer, reaching to or slightly beyond anal-fin origin. 
Anal fin with i,4 rays, spine longer. Caudal fin deeply forked 
with i,12,i rays. 

Colouration 

In alcohol, background colour of dorsal surface of head 
and body tan with numerous distinct small equally spaced 
dark spots. Anterior part of body, between pectoral fins, 
darker. Dark shading extending on the sides, but not onto the 
back, anterior of the pelvic fins. Ventral surface uniformly 
pale yellowish, appearing greyish in the transparent portion 
of the abdominal region due to dark pigmentation of internal 
organs. Dorsal-fin rays yellowish tan with numerous dark 
brown spots arranged in bands, with a black blotch on the 
tip. Caudal fin with a dark crescent in its middle part and 
dark stripes on its lower and upper lobes. Pectoral, pelvic, 
and anal fins lighter, with indistinct dark markings. 

Sexual dimorphism 

Unknown. Maybe reminiscent of C. platystoma (see 
above). 


Distribution and habitat 

Known from upper Paru de Oeste River (Fig. 5). 

Etymology 

The species group name napova is from the Amerindian 
Trio-Wayana meaning thank you. It honours the Trio peo¬ 
ple from Sipaliwini who offered us these fish. Name used in 
apposition. 

Harttiella Boeseman, 1971 

Harttiella Boeseman, 1971: 25. Type species: Harttia 
crassicauda Boeseman, 1953. Type by original designation. 
Gender: Feminine. 

Harttiella is distinguished from all other Guianese Hart¬ 
tiini by 30 morphometric variables (Tab. V) among which, 
18 possessed very strong loadings onto PCA axes (Fig. IB). 
Harttiella is differentiated from other Guianese Harttiini by: 
a longer head respectively to its size [mean = 25.00 ± 1.51 % 
of SF vi 23.70 ± 1.35 (HSD, p-value < 0.0001) and 
21.13 ± 1.18 (HSD, p-value < 0.0001) in Harttia and 
Cteniloricaria, respectively]; greater predorsal length 
[mean = 37.56 ± 1.66% of SF vs 32.64 ±1.10 (HSD, p-val¬ 
ue < 0.0001) and 29.99 ± 0.91 (HSD, p-value < 0.0001) in 
Harttia and Cteniloricaria, respectively], abdominal length 
[mean = 18.89 ± 1.30% of SF vs 17.83 ± 1.09 (HSD, p-val- 
ue< 0.0001) and 16.61 ± 1.02 (HSD, p-value < 0.0001) in 
Harttia and Cteniloricaria, respectively], thoracic length 
[mean = 20.78 ± 2.27% of SF vs 17.61 ± 0.92 (HSD, p-val¬ 
ue < 0.0001) and 15.99 ± 0.94 (HSD, p-value < 0.0001) 
in Harttia and Cteniloricaria, respectively], pelvic-spine 
length [mean = 22.11 ±2.60% of SF vs 18.75 ± 1.26 (HSD, 
p-value < 0.0001) and 18.06 ± 0.99 (HSD, p-value < 0.0001) 
in Harttia and Cteniloricaria, respectively], anal-spine 
length [mean = 16.58 ± 1.76% of SL vs 12.80 ± 1.02 
(HSD, p-value < 0.0001) and 14.40 ± 1.19 (HSD, p-val¬ 
ue < 0.0001) in Harttia and Cteniloricaria, respectively], 
anus to pelvic-fin origin length [mean = 11.36 ± 1.60% 
of SL vs 10.76 ± 0.89 (HSD, p-value = 0.0003) and 
8.76 ± 0.59 (HSD, p-value < 0.0001) in Harttia and Cte¬ 
niloricaria, respectively], anus to pectoral-fin origin length 
[mean = 31.09 ± 3.13% of SL vs 26.26 ± 1.12 (HSD, p-val¬ 
ue < 0.0001) and 23.35 ±0.94 (HSD, p-value < 0.0001) in 
Harttia and Cteniloricaria, respectively], and anus to tip of 
snout length [mean = 47.03 ± 2.92% of SL vs 40.55 ± 1.35 
(HSD, p-value < 0.0001) and 36.83 ± 0.90 (HSD, p-val¬ 
ue < 0.0001) in Harttia and Cteniloricaria, respectively]; 
a wider body at dorsal-fin origin [mean = 20.25 ± 2.89% 
of SL vs 18.78 ± 1.39 (HSD, p-value < 0.0001) and 
14.66 ± 0.90 (HSD, p-value < 0.0001) in Harttia and Cte¬ 
niloricaria, respectively]; a deeper body at dorsal-fin origin 
[mean = 12.13 ± 2.38% of SL vs 8.75 ± 0.83 (HSD, p-val¬ 
ue <0.0001) and 9.22 ± 1.00 (HSD, p-value < 0.0001) in 
Harttia and Cteniloricaria, respectively], and deeper cau- 
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o C.platystoma 
A C. napova 
o H.fluminensis 
☆ H. surinamensis 
□ H. tuna 
O H.fowleri 
V H. guianensis 

• H. crassicauda 

★ H.janmoli 
■ H.parva 

♦ H. longicauda 
▼ H. lucifer 

• H.pilosa 

x H. intermedia 


Figure 5. - Geographic distribution of Guianese Harttiini; circled symbols refer to type localities. The map takes into account present 
results and updates previous records and known distributions accordingly. 


dal peduncle [mean = 3.75 ± 0.99% of SL vs 1.41 ± 0.14 
(HSD, p-value < 0.0001) and 1.13 ± 0.09 (HSD, p-val- 
ue < 0.0001) in Harttia and Cteniloricaria, respectively]; a 
longer snout [mean = 59.39 ± 3.34% of HL vs 56.32 ± 2.95 
(HSD, p-value < 0.0001) and 53.52 ± 3.07 (HSD, p-val- 
ue < 0.0001) in Harttia and Cteniloricaria, respectively]; a 
wider head [mean = 99.62 ± 6.94% of HL vs 93.77 ± 6.74 
(HSD, p-value < 0.0001) and 82.76 ± 4.93 (HSD, p-val- 
ue < 0.0001) in Harttia and Cteniloricaria, respectively]; a 
greater distance from the distal end of operculum to tip of 
snout [mean =84.71 ±3.67% of HL vs 79.87 ± 2.53 (HSD, 
p-value < 0.0001) and 77.77 ± 2.25 (HSD, p-value < 0.0001) 
in Harttia and Cteniloricaria, respectively], and interorbital 
width [mean = 35.29 ±2.12% of HL vs 22.53 ± 1.34 (HSD, 
p-value < 0.0001) and 22.43 ± 1.15 (HSD, p-value < 0.0001) 
in Harttia and Cteniloricaria, respectively]; a deeper head 
[mean = 46.09 ±4.12% of HL vs 36.94 ± 2.72 (HSD, p-val- 
ue < 0.0001) and 40.93 ± 2.83 (HSD, p-value < 0.0001) 
in Harttia and Cteniloricaria, respectively], and greater 
head depth at internostril [mean = 34.16 ± 2.83% of HL 


vs 28.90 ± 2.62 (HSD, p-value < 0.0001) and 29.62 ± 2.55 
(HSD, p-value < 0.0001) in Harttia and Cteniloricaria, 
respectively]. The following combination of characters also 
differentiates the genus: abdomen naked with exception of 
lateral abdominal plates and, rarely, preanal plates; small 
size (largest known specimen reached 52.46mm SL); body 
densely covered by odontodes; subpreopercle not exposed; 
lateral plates not keeled. 

Within the Harttiella group, significant morphological 
structures were recovered by axes one and two of the PCA 

(X 2 k-w= 181.7766, p-value <0.0001; x 2 k-w= 137.4764, 

p-value < 0.0001), as well as deep genetic divergences 
(0 < K2P >0.119). Two main morphological tendencies were 
highlighted on both axes by the morphometric study, with on 
one hand stockier forms constituting a first group named the 
crassicauda group, and on the other hand slender represent¬ 
atives forming a second group named the longicauda group 
(W = 37, p-value < 0.0001; W = 1321, p-value < 0.0001). 
The crassicauda group included the type species H. crassi¬ 
cauda and populations from the Kotika, Atachi Bakka and 
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Figure 6. - Cteniloricaria napova, holotype, MZUSP 108146, 113.20 mm SL, Sipaliwini Savannah in Trio Amerindian territory at the 
Suriname-Brazil border, Four Brothers Mountains in a tributary of the Paru de Oeste River. 


Trinite Mountains. The four populations constituting the 
crassicauda group were morphologically significantly dis¬ 
tinct (x 2 k-w = 56.3771, p-value < 0.0001; x 2 k-w = 15.6406, 
p-value = 0.0013 for axis 1 and 2 respectively), and pos¬ 
sessed deep genetic divergences (0.031 < K2P > 0.051) 
of interspecific level for the three barcoded populations. 
These four populations therefore constitute distinct spe¬ 
cies. Surprisingly, the population from Trinite Mountains 
that belonged to the crassicauda group, displayed almost 
no genetic divergence with populations from Crique Aya, 
and Cascades (from 0.003 to 0.005 K2P divergence respec¬ 
tively) both belonging to the longicauda group, whereas it 
showed strong morphological differences to them (W = 7, 
p-value = 0.0004; W = 31, p-value = 0.0027 for axes 1 and 
2). The genetic divergence between Aya and Cascades was 
0.0017 implying populational variations. Little morpho¬ 
metric variation was nevertheless recorded for the first axis 
but not for the second (x 2 k-w = 6.5204, p-value = 0.0384; 
X 2 k-w = 0.5922, p-value = 0.7437), and included three pop¬ 
ulations: Crique Aya (Mana drainage), Crique Cascades 
(Approuague drainage), and Crique Coeur Maroni (Sin- 
namary drainage). Within the longicauda group, the popu¬ 


lations from Lucifer massif (Mana drainage) and Crique 
Limonade (Maroni drainage) possessed very similar mito¬ 
chondrial signature (0 < K2P > 0.002) as well as little mor¬ 
phological differentiation on the first axis (W = 14, p-val- 
ue = 0.0077; W = 38, p-value = 0.3917). These two popula¬ 
tions correspond thus to a single species that possesses the 
strongest genetic divergence with congeneric representatives 
(0.112 < K2P >0.119). The population from Crique Grillon 
(Orapu drainage) appeared genetically closer to representa¬ 
tives of the crassicauda group (mean K2P divergence to 
crassicauda group = 0.039 vs 0.090 with representatives of 
the longicauda group). All genetic variations corresponded 
to the between species level (> 0.03). Significant morpho¬ 
logical tendencies were also highlighted by the PCA between 
the population from Orapu and those from Aya, Cascades, 
and Coeur Maroni creeks (W = 222, p-value = 0.0408; 
W = 122, p-value = 0.0005 for the two first axes). Neverthe¬ 
less, this population appeared morphologically close to the 
forms from Lucifer massif and Crique Limonade (W =131, 
p-value = 0.8848 for axis 1, W = 188, p-value = 0.023 for 
axis 2). 
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Harttiella crassicauda (Boeseman, 1953) 

(Supplementary material S3) 

Harttia crassicauda Boeseman, 1953: 10, Figs lb, 2. Type 
locality: Nassau Mountains, in creek, Suriname. Holotype: RMNH 
19418 (largest of 15 specimens), not separated from paratypes. 

Harttiella crassicauda (Boeseman, 1953): Boeseman, 1971: 
11; Isbriicker, 1980: 89; Burgess, 1989: 439; Le Bail et al., 2000: 
276; Isbriicker, 2001: 27; Isbriicker, 2002: 16; Ferraris in Reis et 
al., 2003: 336; Ferraris, 2007: 242; Vari et al., 2009: 39. 

Morphometric and meristic data are provided in table 

I, and GenBank accession numbers for barcodes in table 

II. Four morphometric variables significantly character¬ 
ize H. crassicauda (Tab. V). Harttiella crassicauda is dis¬ 
tinguished from all other congeneric species by a smaller 
postdorsal length [mean = 48.05 ± 0.92% of SL vs 48.85 
± 1.33 < mean < 53.89 ± 1.41% of SL in all other conge¬ 
ners; (HSD, p-values < 0.0261)], a shorter caudal peduncle 
[mean = 36.14 ± 1.66% of SL vs 38.32 ± 1.54 < mean < 43.94 
± 0.90% of SL in all other congeners; (HSD, p-values < 0.0001 ], 
and a deeper caudal peduncle [mean = 4.86 ± 0.43% of SL vs 
2.53 ± 0.18 < mean < 4.58 ± 0.35% of SL in all other con¬ 
geners; (HSD, p-values < 0.0015)]. It is also distinguished 
from all other congeneric species except H.janmoli n. sp. by 
a greater (smaller compared to H.janmoli ) anus to pectoral- 
fin origin length [mean = 31.85 ± 2.26% of SL vs 28.38 ± 2. 
75 < mean < 29.23 ± 1.81% of SL in other congeners; (HSD, 
p-values < 0.0067), and mean = 34.24 ± 1.67% of SL in H. 
janmoli (HSD, p-value = 0.0179)]. K2P distances to conge¬ 
neric species ranged between 0.031 and 0.119 according to 
the species. No differences (K2P = 0) were recorded between 
the two barcoded populations of Paramaka Creek. The gener¬ 
al appearance of the species is broad, with a triangular head, 
and a short and thick caudal peduncle. The background col¬ 
ouration in dorsal view is brown, generally with five narrow 
dark brown transverse bands posterior to dorsal-fin insertion. 
Some indistinct dark spotting may also be present between 
the postdorsal bands. The anterior part of the body is indis¬ 
tinctly marbled, conferring the species camouflage with the 
substrate (Supplementary material S4-A). Fin rays also have 
darker markings, more or less forming stripes. Ventral surface 
is lighter. The sexual dimorphism consists in the hypertro¬ 
phy of odontodes on the entire body, and particularly on the 
S-shaped pectoral-fin spines and around the snout in males. 

Harttiella crassicauda is only known from Nassau 
Mountains in Suriname (Fig. 5), where it occurs in the upper 
reaches of Paramaka Creek, a tributary of Marowijne River, 
at an altitude up to 250 m above mean sea level. It has not 
been collected in streams to the north (Anjoemara Creek) or 
to the south (Gran Creek) of Paramaka Creek. The reaches 
with H. crassicauda were shallow (mainly < 50 cm water 
depth), but with year-round running water (e.g., H. crassi¬ 
cauda was not collected in the extreme headwaters of Para¬ 
maka Creek which fall dry in the long dry season Septem¬ 


ber-November). The bottom substrate consisted of bedrock, 
boulders, pebbles, gravel and sometimes large-grain sand. 
The water was clear (Secchi transparency > 200 cm in deep 
pools at the edge of the plateau), slightly acidic (pH 5.1- 
6.9), with low conductivity (23-28 p S/cm), variable current 
velocity (0-70 cm/s), and relative low temperature (22.2- 
23.2°C) (Mol et al., 2007). The upper reaches of Paramaka 
Creek had no aquatic vegetation except for some clumps 
of filamentous red algae (mainly Batrachospermum spp.) 
and stands of the emergent Thurnia sphaeorocephala at the 
edge of the plateau. Other fish species of these high-altitude 
streams in Nassau Mountains included: Rivulus cf. igneus, 
Synbranchus marmoratus, Callichthys callichthys, Lithoxus 
spp., an unidentified trichomycterid catfish, and a Guyanan- 
cistrus species (see this volume). 

The extremely limited distribution of H. crassicauda in 
a single creek on a single mountain, coupled with the small 
population sizes, make it highly vulnerable. Urgent meas¬ 
ures should be taken to protect this species and its immediate 
environment, which is directly endangered by mining activi¬ 
ties in Nassau Mountains. 

Harttiella pilosa Covain & Fisch-Muller, new species 

(Figs 5,7; Tabs I, II) 

Holotype 

MHNG 2724.004 (ex-MHNG 2682.055, specimen 
GF06-338), 39.91 mm SL, French Guiana, Tortue Moun¬ 
tains, Orapu River drainage in Clique Grillon at the ONF 
camp, Covain et al., 8 Nov. 2006. 

Paratypes 

MNHN 2011-0018 (4, ex MHNG 2682.055); MHNG 
2682.055 (4); NZCS F7072 (1, ex MHNG 2682.055); same 
data as holotype. MHNG 2724.002 (1), French Guiana, Tor¬ 
tue Mountains, Orapu River drainage in Clique Grillon at 
the ONF camp, Vigouroux et al., 7 Nov. 2003. 

Diagnosis 

Harttiella pilosa is distinguished from all other Harttiel¬ 
la by its hispid appearance, vs smooth to velvety in conge¬ 
neric species, and its specific barcode sequences (JF292271, 
JF292272, JF292273). No morphometric variable strictly 
distinguishes H. pilosa from all other congeners (Tab. V). It 
can be distinguished from species belonging to the crassi¬ 
cauda group by a shorter head [mean = 23.74 ± 1.35% 
of SL vs 25.54 ± 1.41 < mean < 26.18 ± 1.34% of SL; 
(HSD, p-values < 0.0033)], and from other species of the 
longicauda group by a deeper body at dorsal-fin origin 
[mean = 11.92 ±0.97% of SL vs 9.86 ± 0.79 < mean < 10.66 
± 0.87% of SL; (HSD, p-values < 0.0069)]. 
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Description 

Morphometric and meristic data in table I, and GenBank 
accession numbers in table II. 

A member of the longicauda group. General aspect of 
fish small, slender and hairy, especially anterior to dorsal- 
fin origin. Caudal peduncle, long and slender. Anterior mar¬ 
gin of head rounded in dorsal view. Eye small, orbit round, 
without notch. Odontodes short and thick, densely covering 
body making fish rather hispid or slightly spiny particularly 
in males. Snout tip naked. 

Mouth elliptic with large and thick upper and lower lips. 
One buccal papilla. Surface of lips papillose, with numer¬ 
ous papillae. Distal margin of the lower lip fringed with 
minute triangular papillae. Maxillary barbel minute. Teeth 
numerous (=; 40 per jaw), pedunculated and arranged in a 
single, comblike row. Subpreopercle not visible in ventral 
view. Abdomen naked except for lateral abdominal plates, 
and sometimes preanal plates in larger specimens. Six to 8 
(modally 6) lateral abdominal plates, plates keeled but not 
sharp. Twenty-six plates in median lateral series, plates not 
coalescing. 

Dorsal-fin origin more or less in front of pelvic-fin inser¬ 
tion. Dorsal and pectoral fins with i,6 rays. Pectoral spine 
longer than soft rays, reaching slightly beyond pelvic-fin ori¬ 
gin. Pelvic fin with i,5 rays; spine longer, reaching anal-fin 
origin. Anal fin with i,4 rays, spine longer. Caudal fin trun¬ 
cated with i, 12,i rays. 

Colouration 

In alcohol, background colour of dorsal surface of head 
and body greyish brown with 4 to 5 dark saddles posterior 
to dorsal-fin origin. On side of body, saddles have form of 
indistinct blotches. Anterior part of body darker. Ventral sur¬ 
face lighter. Lower caudal peduncle dingy off-yellow with 
dark marks. Black blotch at base of anal and pelvic fins. Fin 
rays yellowish tan with dark brown spots. Fins membranes 
hyaline. Caudal fin with indistinct dark markings. 

In life, background colour of dorsal surface reddish 
brown, with black postdorsal bands (Supplementary mate¬ 
rial S4-B). 

Sexual dimorphism 

Males with longer, thicker and more widely spaced apart 
odontodes on the head surface, and on pectoral spines, and 
with a deeper snout, particularly at the level of internostril. 

Distribution and habitat 

Only known from type locality. Harttiella pilosa was col¬ 
lected in Clique Grillon, a tributary of Orapu River in Tor- 
tue Mountains (Fig. 5), at an altitude of approximately 200 
m above mean sea level. The portion of the river in which 
H. pilosa was found was immediately upstream of a 30 m 
high waterfall ( H. pilosa was not collected downstream of 


the waterfall). That portion of the river was approximately 
10 m wide with shallow (5-40 cm) water and a bottom sub¬ 
strate consisting of gravel, pebbles, boulders, bed rock and 
sand mainly constituted of iron hydroxide (Edwin Gnos, 
MHNG, pers. comm.). Leaf litter and large woody debris 
were also abundant. The water was clear (Secchi transpar¬ 
ency > 40 cm), slightly acidic (pH 6.5), with low conductiv¬ 
ity (52 /(S/cm), variable current (0-70 cm/s), and relatively 
low temperature (24°C). The reach had no aquatic macro¬ 
phytes, but clumps of filamentous red algae were observed 
on rocky bottom substrate. The fish community included: 
Bryconops affinis, Hemigrammus unilineatus , Melano- 
characidium blennioides , Helogenes marmoratus , Pseudop- 
imelodus raninus, Ancistrus cf. leucostictus, Lithoxus plan- 
quettei, Guyanancistrus aff. brevispinis, Krobia guianensis, 
and Creniciclila sp. 

Etymology 

The species group name pilosa is from Latin pilosus 
meaning hairy, and makes reference to the unusual aspect of 
male head. 

Harttiella parva Covain & Fisch-Muller, new species 

(Figs 5, 8; Tabs I, II) 

Holotype 

MNHN 2011-0019 (ex MHNG 2723.093, specimen 
MUS-607), 29.54 mm SL, French Guiana, Atachi Bakka 
Mountains, Maroni River drainage, Gaucher, Jun. 2009. 

Paratypes 

MNHN 2011-0020 (2, ex MHNG 2723.093); MHNG 
2723.093 (3), same data as holotype. 

Diagnosis 

Harttiella parva is distinguished from all other Harttiella 
by its small size with sexual dimorphism expressed around 
25 mm SL (vs around 30 mm SL in congeneric species), 
by the distinct banded colour pattern of the caudal fin (vs 
blotched or indistinct banded pattern in congeneric species), 
and by its specific barcode sequences (JF292274, JF292275, 
JF292276). Harttiella parva does not show unique morpho¬ 
metric tendencies distinguishing it from all other congeneric 
species (Tab. V). It is distinguished from other congeners 
except H. intermedia n. sp. by a caudal peduncle: shorter 
compared to the species belonging to the longicauda group 
[mean = 40.36 ± 1.06% of SL vs 43.61 ± 1.79 < mean < 44 
.26 ± 1.48% of SL; (HSD, p-values < 0.0002)], and long¬ 
er compared to the other species of the crassicauda group 
[mean = 40.36 ± 1.06% of SL vs 36.14 ± 1.66 < mean < 38 
.32 ± 1.54% of SL; (HSD, p-values < 0.0281)]. It is distin¬ 
guished from H. intermedia by a smaller body depth at dor- 
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Figure 7. - Harttiellapilosa, holotype, MHNG 2724.004,39.91 mm SL, French Guiana, Tortue Mountains, Orapu River drainage in Crique 
Grillon at the ONF camp. 


sal-fin origin [mean = 10.34 ± 0.83% of SL vs 12.69 ± 0.54; 
(HSD,p-value = 0.0041)]. 

Description 

Morphometric and meristic data in table I, and GenBank 
accession numbers in table II. 

A member of the crassicauda group. General aspect of 
fish small and stocky, with a short, broad and thick caudal 
peduncle. Head rounded in dorsal view. Eye small, orbit 
round, without notch. Odontodes short, densely covering 
body, conferring fish a velvety aspect. Snout tip naked. 

Mouth elliptic with large upper and lower lips. One buc¬ 
cal papilla. Surface of lips papillose, with numerous papillae. 


Distal margin of the lower lip fringed with minute triangular 
papillae. Maxillary barbel minute. Teeth numerous (= 40 per 
jaw), pedunculated and arranged in a single, comblike row. 
Subpreopercle not visible in ventral view. Abdomen naked 
except for lateral abdominal plates. Five to 7 (modally 6) lat¬ 
eral abdominal plates, plates keeled but not sharp. Twenty- 
four to 25 (modally 25) plates in median lateral series, plates 
not coalescing. 

Dorsal fin originates more or less in front of pelvic-fin 
insertion. Dorsal and pectoral fins with i,6 rays. Pecto¬ 
ral spine longer than soft rays, S shaped, reaching slightly 
beyond pelvic-fin origin. Pelvic fin with i,5 rays; spine long- 
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er, reaching beyond anal-fin origin. Anal fin with i,4 rays, 
spine longer. Caudal fin truncated with i, 12,i rays. 

Colouration 

In alcohol, background colour of dorsal surface of head 
and body brownish tan with 4 thin postdorsal dark bands. 
Anterior part of body darker. Ventral surface lighter. Fin 
rays yellowish tan with dark brown spots forming stripes. 
Fin membranes hyaline. Uppermost part of dorsal fin some¬ 
time with a small black blotch. Caudal fin with distinct dark 
stripes (usually 4) becoming larger toward distal margin. 
Last stripe forming a large black band at tail extremity. 

Sexual dimorphism 

Males with long and thicker odontodes on the external 
surface of pectoral spines. 

Distribution and habitat 

Only known from type locality (Fig. 5), a small forest 
creek in Atachi Bakka Mountains. 

Etymology 

The species group name parva is from Latin parvus mean¬ 
ing small, and makes reference to the size of the species. 

Harttiella intermedia Covain & Fisch-Muller, new species 

(Figs 5,9; Tabs I, II) 

Holotype 

MNHN 2011-0021 (ex MHNG 2713.087 specimen 
MUS-650), 34.67 mm SL, French Guiana, Sinnamary River 
drainage. Tabular Mountain of Trinite massif, Crique Grand 
Leblond, 4 0 36’35”N-53 0 2r33”W, alt. 320 m, Tostain and 
Ravet, 6 Oct. 2009. 

Paratypes 

MNHN 2011-0022 (2, ex MHNG 2713.087); MHNG 
2713.087 (2), same data as holotype. 

Diagnosis 

Harttiella intermedia is distinguished from all other 
Harttiella by its stocky body shape reminiscent of the 
crassicauda group, and by its mitochondrial barcode signa¬ 
ture typical for the longicauda group (JF292281, JF292284, 
JF292285). No unique morphometric data characterize H. 
intermedia (Tab. V). It is distinguished from H. parva plus 
representatives of the longicauda group except H.pilosa by 
a deeper body at dorsal-fin origin [mean = 12.69 ± 0.54% of 
SL vs 9.86 ± 0.79 < mean < 10.66 ± 0.87% of SL; (HSD, 
p-values < 0.0041)], and from H.janmoli n. sp. by a shal¬ 
lower body at dorsal-fin origin [mean = 12.69 ± 0.54% 
of SL vs 14.80 ± 1.14% of SL; (HSD, p-value = 0.015)]. 
It is distinguished from H. pilosa by a longer head 


[mean = 26.18 ± 1.12% of SL vs 23.74 ± 1.35% of SL; 
(HSD, p-value = 0.0031)], and from H. crassicauda by 
a longer caudal peduncle [mean = 42.35 ± 1.44% of SL vs 
36.14 ± 1.66% of SL; (HSD, p-value < 0.0001)]. 

Description 

Morphometric and meristic data in table I, and GenBank 
accession numbers in table II. 

A member of the crassicauda group. General aspect of 
fish small and stocky, with a short, broad and thick caudal 
peduncle. Head rounded to slightly triangular in dorsal view. 
Eye small, orbit round, without notch. Odontodes short, 
densely covering body, conferring fish with a velvety aspect. 
Snout tip naked. 

Mouth elliptic with large upper and lower lips. One buc¬ 
cal papilla. Surface of lips papillose, with numerous papillae. 
Distal margin of the lower lip fringed with minute triangular 
papillae. Maxillary barbel minute. Teeth numerous (= 50 per 
jaw), pedunculated and arranged in a single, comblike row. 
Subpreopercle not visible in ventral view. Abdomen naked 
except for lateral abdominal plates. Five to 8 (modally 6) lat¬ 
eral abdominal plates, plates keeled but not sharp. Twenty 
four to 25 (modally 25) plates in median lateral series, plates 
not coalescing. 

Dorsal-fin origin more or less in front of pelvic-fin inser¬ 
tion. Dorsal and pectoral fins with i,6 rays. Pectoral spine 
longer than branched rays, straight, reaching beyond pelvic- 
fin origin. Pelvic fin with i,5 rays; spine longer, reaching 
beyond anal-fin origin. Anal fin with i,4 rays, spine longer. 
Caudal fin truncated with i,12,i rays. 

Colouration 

In alcohol, background colour of dorsal surface of head 
and body brownish tan with 5 thick postdorsal dark bands. 
Anterior part of body darker. Ventral surface lighter. Fin rays 
yellowish tan with indistinct dark brown spots more or less 
forming stripes. Fins membranes hyaline. Caudal fin with 
usually four indistinct dark stripes. Tip of caudal fin whitish. 
Some specimens with a basicaudal spot. 

Sexual dimorphism 

Unknown. Probably similar to that observed in H. crassi¬ 
cauda (see above). 

Distribution and habitat 

Only known from type locality (Fig. 5), in headwaters of 
Crique Grand Leblond on the Tabular Mountain of the Trin¬ 
ite Massif. The species was collected with representatives 
of Ituglanis nebulosus, Rivulus igneus, R. lungi, and R. aff. 
breviceps. 
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Figure 8. - Harttiella parva , holotype. MNHN 2011-0019, 29.54 mm SL, French Guiana, Atachi Bakka Mountains, Maroni River drain¬ 
age. 


Etymology 

The species group name intermedia is from the Latin 
intermedius meaning intermediary, making reference to the 
contradiction between morphometry and genetics. 

Harttiella lucifer Covain & Fisch-Muller, new species 

(Figs 5,10; Tabs I, II) 

Holotype 

MNHN 2011-0023 (ex MHNG 2721.088 specimen 
GF10-034), 42.68 mm SL, French Guiana, Mana River 
drainage, Lucifer Mountains, West of Crique Cascade, 
4°47’44.7”N-53°55’49,4”W, alt. 450 m, Montoya-Burgos 
and Fischer, 10 Feb. 2010. 


Paratypes 

MNHN 2011-0024 (4, ex MHNG 2721.088); MHNG 
2721.088 (4); NZCS F7073 (1, ex MHNG 2721.088), 
same data as holotype. MNHN 2011-0025 (3, ex MHNG 
2721.091), MHNG 2721.091 (3), NZCS F7074 (1, ex 
MHNG 2721.091), French Guiana, Mana River drainage, 
headwater of a creek in Lucifer massif flowing toward Cit¬ 
ron, 4°45’54”N-53°56’ 14.9”W, alt. 365 m„ Montoya-Bur¬ 
gos and Fischer, 11 Feb. 2010. MNHN 2011-0026 (4, ex 
MHNG 2712.085 specimens), MHNG 2712.085 (4), French 
Guiana, Maroni River drainage, Galbao Mountains in a trib¬ 
utary of Crique Limonade, 3°35’56.6”N-53°15’12.6”W, alt. 
202 m., Tostain, 18 Mar. 2008. 
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Diagnosis 

No unique character distinguishes Harttiella lucifer from 
all other congeneric species (Tab. V) except its barcode 
sequence, the most divergent of all Harttiella representatives 
(JF292286 to JF292296). Compared to congeneric species of 
the crassicauda group except H. intermedia, H. lucifer pos¬ 
sesses a longer caudal peduncle [mean = 44.26 ± 1.48% of 
SL vs 36.14 ± 1.66 < mean < 40.36 ± 1.06% ofSL; (HSD, 
p-values < 0.0001)]. Compared to other representatives of 
the longicauda group, H. lucifer is characterized by a greater 
cleithral width [mean = 101.65 ±3.28% of HL vs 94.50 ±4.0 
0 < mean < 95.78 ± 4.04% of HL; (HSD, p-values < 0.002)]. 
It is distinguished from H. intermedia by a smaller predorsal 
length [mean = 35.95 ±1.19% of SL vs 37.93 ± 1.07% of 
SL; (HSD, p-value = 0.0049)]. 

Description 

Morphometric and meristic data in table I, and GenBank 
accession numbers in table II. 

A member of the longicauda group. General aspect of 
fish small, flat, and slender, with a long and slender caudal 
peduncle. Body wider in its anterior part. Head large, short 
and rounded to slightly triangular in dorsal view. Eye small, 
orbit round, without notch. Odontodes short, densely cover¬ 
ing body, conferring fish a velvety aspect. Snout tip naked. 

Mouth elliptic with large upper and lower lips. One buc¬ 
cal papilla. Surface of lips papillose, with numerous papillae. 
Distal margin of the lower lip fringed with minute triangular 
papillae. Maxillary barbel minute. Teeth numerous (= 45 per 
jaw), pedunculated and arranged in a single, comblike row. 
Subpreopercle not visible in ventral view. Abdomen naked 
except for lateral abdominal plates. Four to 8 (modally 6) lat¬ 
eral abdominal plates, plates keeled but not sharp. Twenty- 
five to 27 (modally 26) plates in median lateral series, plates 
not coalescing. 

Dorsal-fin origin more or less in front of pelvic-fin inser¬ 
tion. Dorsal and pectoral fins with i,6 rays. Pectoral spine 
longer than soft rays, slightly curved, reaching beyond pel¬ 
vic-fin origin. Pelvic fin with i,5 rays; spine longer, reaching 
beyond anal-fin origin. Anal fin with i,4 rays, spine longer. 
Caudal fin truncated with i,12,i rays. 

Colouration 

In alcohol, background colour of dorsal surface of head 
and body variable, from dark brown to reddish brown or 
light tan, with 5 thick postdorsal dark bands. Anterior part 
of body darker. Ventral surface lighter, yellowish tan. Fin 
rays yellowish tan with indistinct dark brown spots more or 
less forming stripes. Fin membranes hyaline. Caudal fin with 
indistinct dark stripes (2). Distal caudal-fin margin yellow¬ 
ish. 


Sexual dimorphism 

Males with larger head and thickened pectoral spines, 
bearing hypertrophied odontodes. 

Distribution and habitat 

Occurs in mountainous areas in the Lucifer and Galbao 
massifs in Central French Guiana (Fig. 5). In the Lucifer 
Mountains, the species has been collected with representa¬ 
tives of Rivulus igneus and Ituglanis sp. 

Etymology 

The species group name lucifer refers to the type locality. 
A name used in apposition. 

Harttiella longicauda Covain & Fisch-Muller, new 
species (Figs 5,11; Tabs I, II) 

Holotype 

MNHN 2011-0027 (ex MHNG 2699.070 speci¬ 
men GF07-049), 52.46 mm SL, French Guiana, Trinite 
Mountains, Mana River drainage, in a tributary of Crique 
Baboune, Crique Aya around 100m in front of Aya Camp, 
4°36’ 11 ”N-53°25’04”W, alt. 122 m, Montoya-Burgos and 
Melki, 28 Nov.-4 Dec. 2007. 

Paratypes 

MNHN 2011-0028 (23, ex MHNG 2699.070); MHNG 
2699.070 (23); NZCS F7075 (2, ex MHNG 2699.070); 
ANSP 190961 (2, ex MHNG 2699.070); MZUSP 108148 
(2, ex MHNG 2699.070), same data as holotype. MNHN 
2011-0029 (2, ex MHNG 2699.098); MHNG 2699.098 
(2), French Guiana, Trinite Mountains, Mana River drain¬ 
age, in a tributary of Crique Aya at foot of the inselberg, 
4°36’33”N-53°24’46”W, alt. 149 m, Montoya-Burgos 
and Melki, 28 Nov.-4 Dec. 2007. MNHN 2011-0030 (8, ex 
MHNG 2723.094); MHNG 2723.094 (8), French Guiana, 
Balenfois Mountains, Approuague River drainage, around 
1 km upstream of Nouragues camp, Crique Cascades, Gau¬ 
cher, Feb. 2008. MHNG 2723.095 (1, ex MHNG 2643.030), 
French Guiana, Sinnamary River drainage, at mouth of 
Crique Coeur Maroni, Le Bail et al., 15 Oct. 1982 or 2 Feb. 
1983. 

Diagnosis 

Harttiella longicauda is distinguished from all other 
congeneric species except H. pilosa by the frequent pres¬ 
ence of few small preanal plates (vs no preanal plates), and 
by its specific barcode sequences (JF292277, JF292278, 
JF292279, JF292280, JF292282, JF292283). It can be distin¬ 
guished from H. pilosa by having the pectoral girdle wider 
than pelvic girdle (vs pectoral girdle approximately as wide 
as the pelvic girdle). Additionally six unique morphometric 
variables distinguish H. longicauda from all other conge- 
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Figure 9. - Harttiella intermedia , holotype, MNHN 2011-0021,34.67 mm SL, French Guiana, Sinnamary River drainage, Tabular Moun¬ 
tain of Trinite massif, Crique Grand Leblond. 


ners (Tab. V). Harttiella longicauda possesses shorter pelvic 
spines [mean = 19.36 ± 1.17% of SL vs 20.55 ± 0.36 < mean 
< 24.67 ± 1.46% of SL; (HSD, p-values <0.0045)]; a smaller 
body width at eighth postdorsal plate [mean = 9.29 ± 1.07% 
of SL vs 10.28 ± .98 < mean < 11.48 ± 0.94% of SL; (HSD, 
p-values < 0.0238)], body width at fourteenth postdorsal 
plate [mean = 3.99 ± 0.51% of SL vs 4.72 ± 0.62 < mean < 5. 
59 ±0.70% of SL; (HSD, p-values <0.0198)], minimum cau¬ 
dal peduncle depth [mean = 2.53 ±0.18% of SL vs 3.24 ±0.2 
1 < mean < 4.86 ± 0.43% of SL; (HSD, p-values < 0.0001)], 
interorbital width [mean = 33.82 ± 2.03% of HL vs 35.25 ± 1 
.21 < mean < 38.20 ± 2.03% of HL; (HSD, p-values < 0.03)], 
and head depth at internostril [mean = 33.19 ± 1.76% of 
HL vs 33.89 ± 2.22 < mean < 36.74 ± 4.00% of HL; (HSD, 
p-values <0.0083)]. 


Description 

Morphometric and meristic data in table I, and GenBank 
accession numbers in table II. 

General aspect of fish small, flat, and slender, with a long 
and slender caudal peduncle. Body wider in its anterior part. 
Head large, short and rounded in dorsal view. Eye small, 
orbit round, without notch. Odontodes short, densely cover¬ 
ing body, conferring fish a velvety aspect. Snout tip naked. 

Mouth elliptic with large upper and lower lips. One buc¬ 
cal papilla. Surface of lips papillose, with numerous papillae. 
Distal margin of the lower lip fringed with minute triangular 
papillae. Maxillary barbel minute. Teeth numerous (= 45 per 
jaw), pedunculated and arranged in a single, comblike row. 
Subpreopercle not visible in ventral view. Abdomen naked 
except for few rhombic preanal plates, and lateral plates. 
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Figure 10. - Harttiella lucifer, holotype, MNHN 2011-0023,42.68 mm SL, French Guiana, Mana River drainage, Lucifer Mountains, West 
of Crique Cascade. 


Five to 8 (modally 6) lateral abdominal plates. Twenty-five 
to 27 (modally 26) plates in median lateral series, plates not 
coalescing. 

Dorsal-fin origin more or less in front of pelvic-fin inser¬ 
tion. Dorsal and pectoral fins with i,6 rays. Pectoral spine 
longer than branched rays, slightly curved, reaching pelvic- 
fin origin. Pelvic fin with i,5 rays; spine longer, reaching 
anal-fin origin. Anal fin with i,4 rays, spine longer. Caudal 
fin truncated with i, 12,i rays. 

Colouration 

In alcohol, background colour of dorsal surface of head 
and body variable, from dark brown tan to greyish tan, with 
5 thick postdorsal dark bands. Anterior part of body darker. 


Population from Crique Cascade, Approuague River drain¬ 
age, with dark spots or vermiculations on head. Ventral sur¬ 
face lighter, yellowish tan. Often with a dark blotch at anal- 
fin origin. Fin rays yellowish tan with indistinct dark brown 
spots more or less forming stripes. Fins membranes hyaline. 
Caudal fin with indistinct, poorly defined, dark stripes. 

Sexual dimorphism 

Males with a wider head and thickened pectoral spines 
bearing hypertrophied odontodes. 

Distribution and habitat 

Occurs in mountainous areas in the Trinite and Balenfois 
massifs in Northern French Guiana (Fig. 5). In the Trinite 
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Figure 11. - Harttiella longicauda, holotype. MNHN 2011-0027, 52.46 mm SL, French Guiana, Trinite Mountains, Mana River drainage, 
in a tributary of Crique Baboune, Crique Aya around 100 m in front of Aya Camp. 


Mountains, the species has been collected with representa¬ 
tives of Guyanancistrus aff. brevispinis , Krobia itanyi, 
Rhamdia quelen, Ancistrus cf. leucostictus, Lithoxus plan- 
quettei, Characidium fasciadorsale , Melanocharacidium cf. 
dispilomma , and Rineloricaria aff. steward. 

Etymology 

The species group name longicauda is from Latin longus 
meaning long, and cauda meaning tail. The name makes ref¬ 
erence to the shape of the caudal peduncle. 


Harttiella janmoli Covain & Fisch-Muller, new species 

(Figs 5,12; Tabs I, II) 

Holotype 

MNHN 2011 -0031 (ex MHNG 2695.059), 47.13 mm SL, 
French Guiana, Maroni River drainage, Kotika Mountain, 
3°57’16”N-54°10’50”W, alt. 515 m„ Tostain, 5 Sept. 2007. 

Paratypes 

MNHN 2011-0032 (35, ex MHNG 2695.059); MHNG 
2695.059 (36); NZCS F7076 (2, ex MHNG 2695.059); 
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ANSP 190962 (2, ex MHNG 2695.059); MZUSP 108149 (2, 
ex MHNG 2695.059); RMNH.PISC.37459 (1, ex MHNG 
2695.059); RMNH.PISC.37460 (1, ex MHNG 2695.059), 
same data as holotype. 

Diagnosis 

Harttiella janmoli is distinguished from all other con¬ 
generic species by its dark brown colouration with a large 
transverse postdorsal saddle corresponding to the position 
in congeners of the third and fourth bands posterior to dor- 
sal-fin origin (vs brownish colouration normally with five 
postdorsal bands). Additionally 10 morphometric variables 
strictly characterize H. janmoli (Tab. V). Harttiella janmoli 
possesses longer pectoral spines [mean = 27.14 ± 1.54% of 
SL vs 21.14 ± 0.98 < mean < 24.06 ± 0.84% of SL; (HSD, 
p-values < 0.0001)], pelvic spines [mean = 24.67 ± 1.46% of 
SL vs 19.36 ± 1.17 < mean < 22.86 ± 1.64% of SL; (HSD, 
p-values < 0.0001)]; a greater anus to pelvic-fin origin length 
[mean = 12.88 ± 0.96% of SL vs 9.29 ± 1.42 < mean < 11.31 
± 1.01% of SL; (HSD, p-values < 0.012)], anus to pectoral-fin 
origin length [mean = 34.24 ± 1.67% of SL vs 28.38 ± 2.75 
< mean < 31.85 ± 2.26% of SL; (HSD, p-values < 0.0001)], 
and anus to tip of snout length (mean = 49.81 ± 1.63% of 
SL vs 43.32 ± 1.42 < mean < 48.09 ± 1.93% of SL; (HSD, 
p-values < 0.0002)]; a wider body at dorsal-fin origin 
[mean = 23.46 ± 1.18% of SL vs 17.28 ± 1.11 < mean < 20.06 
± 1.61% of SL; (HSD, p-values <0.0001)]; and a deeper body 
at dorsal-fin origin [mean = 14.80 ± 1.14% of SL vs 9.86 ± 0.7 
9 < mean < 11.41 ± 1.41% of SL; (HSD, p-values < 0.015)]. 

Description 

Morphometric and meristic data in table I. 

A representative of the crassicauda group. General 
aspect of fish small and stocky, with a short, large, thick and 
flattened caudal peduncle. Head large, short and rounded in 
dorsal view. Eye small, orbit round, without notch. Odon- 
todes short, densely covering body, conferring fish a velvety 
aspect. Snout tip naked. 

Mouth elliptic with large and thick upper and lower lips. 
One buccal papilla. Surface of lips papillose, with numer¬ 
ous papillae. Distal margin of the lower lip fringed with 
minute triangular papillae. Maxillary barbel minute. Teeth 
not numerous (= 30 per jaw), pedunculated and arranged in 
a single, comblike row. Subpreopercle not visible in ventral 
view. Abdomen naked except for lateral abdominal plates. 
Five to 8 (modally 7) lateral abdominal plates. Twenty-four 
to 26 (modally 25) plates in median lateral series, plates not 
coalescing. 

Dorsal-fin origin more or less in front of pelvic-fin inser¬ 
tion. Dorsal and pectoral fins with i,6 rays. Pectoral spine 
longer than branched rays, slightly curved to S-shaped, 
reaching beyond pelvic-fin origin. Pelvic fin with i,5 rays; 


spine longer, reaching beyond anal-fin origin. Anal fin with 
i,4 rays, spine longer. Caudal fin truncated with i, 12,i rays. 

Colouration 

In alcohol, background colour of dorsal surface of head 
and body dark brown, with usually 4 thick postdorsal dark 
bands, bands in the position of the third and fourth of con¬ 
geners merged into a large black transverse saddle on the 
caudal peduncle. Anterior part of body darker, almost black 
in certain areas. Ventral surface lighter, yellowish tan. Often 
with a dark blotch at anal-fin origin. Fin rays yellowish 
tan with indistinct dark brown spots more or less forming 
stripes. Fins membranes hyaline, becoming lighter toward 
distal margins. Caudal fin with poorly defined dark stripes. 
Medial part of caudal fin with a lighter yellowish band. 

Sexual dimorphism 

Males with a wider head and thickened pectoral spines 
bearing hypertrophied odontodes. Body more densely cov¬ 
ered by odontodes than in females, especially on head. 

Distribution and habitat 

Only known from type locality in French Guiana, in a 
small forest creek of the Kotika Mountains at an altitude of 
515 m (Fig. 5). 

Etymology 

The species group name janmoli honours the Dutch ecol¬ 
ogist Jan H. Mol for his strong personal investment in the 
knowledge and protection of Harttiella, especially in Suri¬ 
name where he recovered the highly vulnerable H. crassi¬ 
cauda. 

Harttia Steindachner, 1877 

Harttia Steindachner, 1877: 668. Type species: Harttia 
loricariformis Steindachner, 1877. Type by monotypy. Gen¬ 
der: Feminine. 

Harttia is significantly distinguished from all other 
Guianese Harttiini by 29 morphometric variables (Tab. V) 
among which, six possessed very strong loadings onto 
PCA axes (Fig. lb). Harttia is diagnosed from other 
Guianese Harttiini by a wider body at anal-fin origin 
[mean = 14.98 ± 1.44% of SL vs 13.50 ±1.43 (HSD,p-val- 
ue < 0.0001) and 12.02 ± 1.03 (HSD, p-value < 0.0001) in 
Harttiella and Cteniloricaria, respectively], at eighth post¬ 
dorsal plate [mean = 12.28 ± 1.50% of SL vs 10.59 ± 1.29 
(HSD, p-value < 0.0001) and 9.30 ± 0.95 (HSD, p-val- 
ue < 0.0001) in Harttiella and Cteniloricaria, respectively], 
and at fourteenth postdorsal plate [mean = 5.27 ±0.81% of 
SL vs 4.76 ± 0.77 (HSD, p-value < 0.0001) and 3.96 ± 0.46 
(HSD, p-value < 0.0001) in Harttiella and Ctenilori¬ 
caria, respectively]; a greater nostril to tip of snout length 
[mean = 42.45 ± 2.47% of HL vs 41.74 ± 2.23 (HSD, p-val- 
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Figure 12. - Harttiella janmoli, holotype MNHN 2011-0031,47.13 mm SL, French Guiana, Maroni River drainage, Kotika Mountain 


ue < 0.0001) and 38.98 ± 2.71 (HSD, p-value < 0.0001) 
in Harttiella and Cteniloricaria, respectively]; and more 
numerous premaxillary [mean = 80 ± 17 vs 34 ± 8 (HSD, 
p-value < 0.0001) and 40 ± 12 (HSD, p-value < 0.0001) in 
Harttiella and Cteniloricaria, respectively] and dentary 
teeth [mean = 78 ± 17 vs 33 ± 8 (HSD, p-value < 0.0001) 
and 39 ± 10 (HSD, p-value < 0.0001) in Harttiella and Cte¬ 
niloricaria, respectively]. The following combination of 
characters also differentiates the genus: abdomen partially to 
wholly covered by very small, rhombic, plates without par¬ 
ticular organization. Abdominal plating sometimes restricted 
to preanal and lateral abdominal plates. Body large, flattened 
covered by very short odontodes conferring a rather smooth 
aspect to the species. Subpreopercle exposed. Lateral plates 
keeled and coalescing toward the end of caudal peduncle. 
Caudal peduncle becoming more compressed between the 
eighth and fourteenth postdorsal plates. 

Within the Harttia group, very strong morphologi¬ 
cal structures were found with significant differences in 
PC A scores on the two first axes (x 2 k-w = 128.9601, p-val¬ 


ue < 0.0001; / 2 k-w = 44.2382, p-value < 0.0001). Deep 
genetic divergences were also recovered with K2P dis¬ 
tances ranging between 0 and 0.19. Considering the differ¬ 
ent populations of H. guianensis , slight differences in shape 
were found on axis 1 (x 2 k-w = 35.4856, p-value < 0.0001; 
X 2 k-w = 0.1685, p-value = 0.9192), and almost no differenc¬ 
es in genetics (0 < K2P < 0.0017). The three populations of 
H. guianensis (Maroni, Sinnamary, and Approuague drain¬ 
ages) therefore correspond to a single, morphologically rela¬ 
tively plastic, species. Significant differences between popu¬ 
lations were highlighted and characterized in Covain et al. 
(2006), and are not repeated herein. Significant differences 
in shape were also recorded between H. surinamensis and 
the populations from Coppename and Paru de Oeste Riv¬ 
ers (/ 2 k-w = 17.9322, p-value = 0.0001; x 2 k-w = 14.1004, 
p-value = 0.0009), whereas slight genetic differences of 
populational level were obtained between H. surinamensis 
and the population from Coppename River (K2P = 0.012), 
and deep divergences of between species level between 
H. surinamensis and the population of Paru de Oeste River 
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(K2P = 0.07). Nevertheless no morphometric differences 
were found between Coppename and Pam de Oeste popula¬ 
tions (W = 358, p-value = 0.5305; W = 280,p-value = 0.415), 
even though these two populations diverged from a K2P dis¬ 
tance of 0.068. Moreover, significant differences in shape 
were recovered by both axes between H. surinamensis and 
the population of Coppename River on one hand (W = 1138, 
p-value = 0.0027; W = 1175, p-value = 0.0008), and the pop¬ 
ulation of Paru de Oeste on the other hand (W = 1344, p-val- 
ue = 0.0002; W = 1209, p-value = 0.0111). These three pop¬ 
ulations represent distinct species, with the one from Cop¬ 
pename River sharing the morphology of the species from 
Paru de Oeste, and possessing a mitochondrial signal close to 
the one of H. surinamensis. Harttiafowleri does not possess 
strong morphometric differences compared to other Harttia 
(W = 2002, p-value = 0.9877; W = 2498, p-value = 0.0298). 
Nevertheless, it possesses the strongest genetic divergences, 
with K2P distances ranging between 0.176 and 0.190. 

Harttia guianensis Rapp Py-Daniel & Oliveira, 2001 

(Supplementary material S5) 

Harttia guianensis Rapp Py-Daniel & Oliveira, 2001: 88, Fig. 6. 
Type locality: Approuague River, Saut Athanase,4 0 H’N-52°19’W, 
French Guiana. Holotype: MNHN 1998-0395. 

Harttia guianensis Rapp Py-Daniel & Oliveira, 2001: Isbriick- 
er, 2001: 27; Isbriicker, 2002: 16; Ferraris in Reis etal., 2003: 335; 
Provenzano etal., 2005: 521; Covain etal., 2006: 9; Ferraris, 2007: 
241; Vari etal., 2009: 29. 

Harttia surinamensis not Boeseman, 1971: Boujard et al., 
1997: 141; Le Bail etal., 2000: 274. 

Morphometric and meristic data are provided in table I, 
and GenBank accession numbers for barcodes in Table II. 
Harttia guianensis is distinguished from congeneric species 
by five morphometric variables (Tab. V). Harttia guianensis 
possesses a longer caudal peduncle [mean = 48.73 ± 1.29% 
of SL vs 46.54 ± 1.17 < mean < 47.67 ± 1.04% of SL; (HSD, 
p-values < 0.0002)]; a smaller anus to tip of snout length 
[mean = 39.60 ± 1.15% of SL vs 40.74 ± 0.70 < mean < 41.8 
4 ± 1.02% of SL; (HSD, p-values < 0.0001)]; a shorter snout 
[mean = 54.51 ± 2.03% of HL vs 56.52 ± 2.01 < mean < 58. 
89 ±5.12% of HL; (HSD, p-values < 0.0001)]; and a smaller 
nostril to tip of snout length [mean = 41.04 ± 1.85% of HL vs 
42.42 ± 2.21 < mean <43.94 ± 1.69% of HL; (HSD, p-val¬ 
ues < 0.0003)], and head depth [mean = 35.27 ± 2.23% of 
HL vs 36.52 ± 1.80 < mean < 39.75 ± 2.37% of HL; (HSD, 
p-values < 0.0254)]. K2P distances to congeneric species 
ranged from 0.064 to 0.183 according to the population. Its 
colouration confers it camouflage with rocks in its natural 
habitat, making it difficult to observe (Supplementary mate¬ 
rial S6-A). The background colour of the dorsal surface is 
yellowish tan to beige. A dark, almost black, marbling cov¬ 
ers the dorsal surface and five black postdorsal bands are 
present. In juveniles, this pattern exhibits greater contrast 


and the head appears greenish with a golden area on the 
supra-occipital and between the eyes; eye copper coloured. 
A large black basicaudal blotch is present. The caudal fin 
is deeply forked and has the distal ends of upper and lower 
lobes black, and the medial part bright yellow. A black blotch 
is also often present on the tip of the dorsal fin. All paired 
fins and dorsal fin possess dark spots on rays forming dis¬ 
tinct stripes. The lower surface is yellowish tan. The abdom¬ 
inal plating is restricted to lateral abdominal plates (5 to 8, 
modally 7) and to the preanal plates. Two large quadrangu¬ 
lar plates are present immediately in front of the anus and 
are bordered by smaller plates up to the pelvic-fin insertion. 
Harttia guianensis has usually 29 plates in the lateral series, 
these plates are keeled and coalescing toward the 20 th to 
22 nd plates. The caudal peduncle becomes much more com¬ 
pressed after the confluence of plates. The head is large, with 
a large elliptic mouth with papillose lips. The subpreopercle 
is well exposed, triangular, and covered by odontodes. The 
teeth are numerous (around 80 on each jaw), pedunculated, 
and arranged in two staggered, comblike rows. In males, the 
sexual dimorphism consists in the hypertrophy of odontodes 
on the upper surface of the thickened pectoral spines, on the 
snout margin, and on keels of the lateral plates. The sexual 
dimorphism is seasonal. Evers and Seidel (2005) reported 
that breeding males lost the hypertrophied odontodes of the 
pectoral spines, at least five days after breeding. This spe¬ 
cies occurs in coastal drainages of French Guiana and Suri¬ 
name, from the Approuague River to the Maroni/Marowijn 
River (Fig. 5). It is an inhabitant of the main channel of riv¬ 
ers, where it colonizes rocky and sandy areas in fast flow¬ 
ing waters. The species is locally very abundant, and is often 
syntopic with C. platystoma, except in Approuague River. 

Harttia surinamensis Boeseman, 1971 

(Supplementary material S7) 

Harttia surinamensis Boeseman, 1971: 28, pi. 3. Type locality: 
Grandam, Gran Rio. upper Suriname River, Surinam. Holotype: 
RMNH 26388 (188.30 mm specimen, holotype not separated from 
para types). 

Harttia surinamensis Boeseman, 1971: Isbriicker, 1980: 90; 
Burgess, 1989: 439; Langeani et al., 2001: 141; Rapp Py-Daniel 
and Oliveira, 2001: 80; Isbriicker, 2001: 27; Isbriicker, 2002: 16; 
Ferraris in Reis et al., 2003: 335; Provenzano et al., 2005: 521; 
Covain etal., 2006: 9; Ferraris, 2007: 242; Vari etal., 2009: 39. 

Morphometric and meristic data are provided in table I, 
and GenBank accession number for barcode in table II. Two 
morphometric variables strictly characterized H. surinamen¬ 
sis (Tab. V). Harttia surinamensis is distinguished from all 
congeneric species except H. tuna n. sp. by a longer head 
(shorter compared to H. tuna ) [mean = 24.15 ± 1.38% of 
SL vs 23.19 ± 1.33 < mean < 23.45 ± 0.95% of SL; (HSD, 
p-values < 0.0364), and mean = 24.97 ± 1.14% of SL in 
H. tuna (HSD, p-value = 0.0033)]; a wider body at eighth 
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postdorsal plate compared to H. guianensis and H.fowleri 
[mean = 12.35 ± 1.63% of SL vs 11.69 ± 1.32 < mean < 1 
1.82 ± 1.25% of SL; (HSD, 0.0113 < p-values < 0.0325)], 
and narrower compared to H. tuna and H.fluminensis n. sp. 
[mean = 12.35 ± 1.63% of SL vs 13.28 ± 1.47 < mean < 13. 
52 ± 0.97% of SL; (HSD, 0.001< p-values < 0.007)]. K2P 
distances to congeneric species ranged between 0.064 and 
0.176. Its colouration is reminiscent of the substrate, making 
it difficult to observe in its natural habitat (Supplementary 
material S6-B). The background colour of the dorsal surface 
is yellowish tan. Dark marbling covers the dorsal surface 
and five indistinct postdorsal bands are present, the last three 
toward the tail being more clearly marked. The eyes are cop¬ 
per coloured. A large deep-black band covers the basal one 
third of the caudal-fin surface. The caudal fin is deeply forked 
with the distal end of the lower lobe black, and the medial 
part bright yellow. A blackish thin band is present in the yel¬ 
low part of the caudal fin. A black blotch is also often present 
on the tip of the dorsal fin. All paired fins and dorsal fin pos¬ 
sess dark spots on the rays forming distinct stripes. The lower 
surface is yellowish tan. The abdominal plating is complete 
in specimens > 150 mm SL, but otherwise usually incom¬ 
plete, and made of small granular platelets without particu¬ 
lar organization. Ontogenetic development of the abdominal 
cover starts with the appearance (around 80 mm SL) of small 
granular platelets at the border of the preanal plates. The 
number of platelets increases then slowly with fish size, until 
establishing a connection between the preanal plates and the 
lateral abdominal plates (around 90 mm SL). The number 
of platelets then continues to increase in the preanal area, 
along the pelvic-fin insertion, and along the lateral abdomi¬ 
nal plates. When the region delimited by the preanal plates, 
and the pelvic-fin insertion is almost wholly plated, a second 
transverse arch of platelets crosses the abdomen starting from 
the insertion of pelvic spines, or the first lateral abdominal 
plates (around 110 mm SL). The transverse arch becomes 
thicker with the increasing number of platelets. The region 
between the arch and the preanal area is eventually cov¬ 
ered , and a medial row of platelets appears on the abdomen 
(around 140 mm SL). The number of platelets along the later¬ 
al abdominal plates continues to increase with the size of the 
fish, as well as in the middle part of the abdomen, making the 
medial row thicker. The regions delimited by the medial row, 
and the left and right series of lateral abdominal plates are 
then little by little covered by platelets, and the convergence 
is obtained around 180 mm SL. A stage of this developmental 
pattern is present in almost all specimens of H. surinamensis , 
but the size to which the abdomen appears wholly platted is 
highly variable among individuals. Harttia surinamensis has 
usually 29 plates in the lateral series, these plates keeled and 
coalescing toward the 19 lh to 22 nd plates. The caudal pedun¬ 
cle becomes abruptly more compressed after the confluence 
of plates. The head is large, with a large elliptic mouth with 


papillose lips. The subpreopercle is well exposed, triangular, 
and covered by odontodes. The teeth are numerous (approxi¬ 
mately 80 on each jaw), pedunculated, and arranged in two 
staggered, comblike rows. Sexual dimorphism consists of the 
hypertrophy of odontodes on the upper surface of the thick¬ 
ened pectoral spines in mature males. Harttia surinamensis 
is restricted to the Suriname River (Fig. 5) where it frequents 
the main channel over rocky and sandy bottoms, in fast flow¬ 
ing waters. The species is locally very abundant, and is often 
syntopic with C.platystoma. 

Harttia fluminensis Covain & Fisch-Muller, new species 

(Figs 5,13; Tabs I, II) 

Holotype 

MHNG 2724.003 (ex MHNG 2690.013, specimen 
SU01-458), 151.14 mm SL, Suriname, Coppename River at 
Raleighvallen. Mol, 30 Nov. 2006. 

Paratypes 

MHNG 2690.013 (14); MNHN 2011-0033 (2, ex MHNG 
2690.013); same data as holotype. MHNG 2690.012 (6); 
NZCS F7077 (1, ex MHNG 2690.012), Suriname, Cop¬ 
pename River at Raleighvallen, Mol, 29 Nov. 2006. 

Diagnosis 

Harttia fluminensis is distinguished from all congeners 
except H. tuna n. sp. and H. trombetensis by an incomplete 
abdominal cover, restricted to preanal and abdominal lat¬ 
eral plates with a row of platelets joining these two series 
of plates (vs no row of platelets making junction between 
preanal and lateral abdominal plates), and by its specific 
barcode sequence (JF292263). It can be distinguished from 
H. tuna by a deeper head [37.31-43.30, mean 38.94 ± 1.42% 
of HL, vs 31.96-38.77, mean 36.52 ± 1.80% of HL (HSD, 
p-value < 0.0001)], and from H. trombetensis by colour 
pattern of caudal fin (a large dark band at base of caudal 
fin, vs a dark rounded blotch). Additionally H. fluminen¬ 
sis is distinguished from all other congeneric species by 
two morphometric variables (Tab. V). Harttia fluminen¬ 
sis possesses a greater minimum caudal peduncle depth 
[mean = 1.60 ±0.11% of SL vs 1.35 ±0.13 < mean < 1.43 ± 
0.11% of SL; (HSD, p-values <0.0001)]; and a greater inter¬ 
orbital width [mean = 24.25 ± 1.02% of HL vs 22.04 ± 1.27 
< mean < 23.12 ± 1.11% of HL; (HSD, p-values < 0.028)]. 

Description 

Morphometric and meristic data in table I, and GenBank 
accession numbers in table II. 

General aspect of fish flat and broad, with a thick cau¬ 
dal peduncle before confluence of lateral keels. Head large, 
short and triangular to slightly rounded in dorsal view. Eye 
large, orbit more or less round, without notch. Odontodes 
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very short, conferring fish a smooth aspect. Snout tip naked. 

Mouth elliptic with large and thick upper and lower lips. 
Surface of lips papillose, with numerous papillae. Distal 
margin of the lower lip fringed with minute triangular papil¬ 
lae. Maxillary barbel minute. Teeth numerous (=; 90 per jaw), 
pedunculated and arranged in two staggered, comblike rows. 
One buccal papilla. Subpreopercle well exposed in ventral 
view, triangular, and covered by odontodes. Abdomen naked 
except for preanal plates, lateral abdominal plates, and a 
row of platelets making junction between previous series of 
plates. Six to 9 (modally 7) lateral abdominal plates, plates 
keeled but not sharp. Two large preanal plates. Twenty-nine 
to 30 (modally 29) plates in median lateral series. Lateral 
plates keeled, coalescing between 7 th and 9 th last postdorsal 
plates. Caudal peduncle abruptly compressed after conflu¬ 
ence of lateral plates. 

Dorsal-fin origin more or less in front of pelvic-fin inser¬ 
tion. Dorsal and pectoral fins with i,6 rays. Pectoral spine 
longer than soft rays, slightly curved, reaching much beyond 
pelvic-fin origin. Pelvic fin with i,5 rays; spine longer, just 
reaching anal-fin origin. Anal fin with i,4 rays, spine shorter. 
Caudal fin forked with i,12,i rays. 

Colouration 

In alcohol, background colour of dorsal surface of head 
and body dark brown tan, with 5 to 6 indistinct postdorsal 
dark bands and dark marbling. Ventral surface lighter, yel¬ 
lowish tan. Abdomen whitish. A large dark band at base of 
caudal fin representing 1/3 of the fin surface. Distal two- 
thirds of caudal fin lighter with a thinner dark band. Tip of 
lower lobe black. Fin rays yellowish tan with distinct dark 
brown spots forming stripes. Tip of dorsal fin with a black 
blotch. Fins membranes hyaline, except paired fins reddish 
anteriorly. 

Sexual dimorphism 

Males with a wider head and thickened pectoral spines 
bearing hypertrophied odontodes. 

Distribution and habitat 

Only known from the Coppename River drainage in 
Suriname (Fig. 5), where it frequents the main channel over 
rocky and sandy bottom, in fast flowing waters. 

Etymology 

The species group nam e fluminensis is from LtiUnflumen 
meaning river, and makes reference to the ecology of Hart- 
tia that represents a group of rheophilic fish from the main 
channel of rivers. 


Harttia tuna Covain & Fisch-Muller, new species (Figs 5, 
14; Tabs I, II) 

Holotype 

MZUSP 108150 (ex MHNG 2704.029, specimen SU07- 
660), 170.95 mm SL, Sipaliwini Savannah in Trio Amerin¬ 
dian territory at the Suriname-Brazil border. Four Brothers 
Mountains in a tributary of the Paru de Oeste River, gift of 
the Trio tribe in Sipaliwini, 20-21 Oct. 2007. 

Paratypes 

MHNG 2704.029 (20); MZUSP 108151 (2, ex MHNG 
2704.029); MNHN 2011-0034 (2, ex MHNG 2704.029); 
NZCS F7078 (2, ex MHNG 2704.029), same data as holo- 
type. 

Diagnosis 

Harttia tuna is distinguished from all other conge¬ 
neric species except H. fluminensis and //. trombetensis by 
an incomplete abdominal cover restricted to preanal and 
abdominal lateral plates with a row of platelets joining these 
two series of plates (vs no row of platelets making junction 
between preanal and lateral abdominal plates), and by its spe¬ 
cific barcode sequence (JF292262). It can be distinguished 
from H.fluminensis by a shallower head [31.96-38.77, mean 
36.52 ± 1.80% of HL, vs 37.31-43.30, mean 38.94 ± 1.42% 
of HL; (HSD, p-value < 0.0001)], and from H. trombeten¬ 
sis by the colour pattern of the caudal fin (a dark rounded 
blotch at base of caudal fin, vs a large dark band). Four mor¬ 
phometric variables strictly characterize H. tuna (Tab. V). 
Harttia tuna possesses a longer head [mean = 24.97 ± 1.14% 
of SL vs 23.19 ± 1.33 < mean < 24.15 ± 1.38% of SL; 
(HSD, p-values < 0.0032)]; a greater predorsal length 
[mean = 33.58 ± 0.84% of SL vs 32.10 ± 1.05 < mean < 33. 
01 ± 1.11% of SL; (HSD, p-values < 0.017)]; a smaller post¬ 
dorsal length [mean = 55.44 ± 1.10% of SL vs 56.63 ±0.94 
< mean < 57.35 ± 1.26% of SL; (HSD, p-values < 0.0157)]; 
and a smaller orbital diameter [mean = 20.97 ± 1.12% of 
HL vs 22.68 ± 1.43 < mean < 23.37 ± 1.08% of HL; (HSD, 
p-values < 0.0006)]. 

Description 

Morphometric and meristic data in table I, and GenBank 
accession number in table II. 

General aspect of fish flat and broad, with a thick cau¬ 
dal peduncle before confluence of lateral keels. Head large, 
short and triangular to slightly rounded in dorsal view. Eye 
large, orbit more or less round, without notch. Odontodes 
very short, conferring fish a smooth aspect. Snout tip naked. 

Mouth elliptic with large and thick upper and lower lips. 
Surface of lips papillose, with numerous papillae. Distal 
margin of the lower lip fringed with minute triangular papil¬ 
lae. Maxillary barbel minute. Teeth numerous (= 90 per jaw), 
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Figure 13. - Harttia fluminensis, holotype, MHNG 2724.003, 151.14 mm SL, Suriname, Coppename River at Raleighvallen. 


pedunculated and arranged in two staggered, comblike rows. 
One buccal papilla. Subpreopercle well exposed in ventral 
view, triangular, and covered by odontodes. Abdomen naked 
except for preanal plates, lateral abdominal plates, and a 
row of platelets making junction between previous series of 
plates. Six to 9 (modally 7) lateral abdominal plates, plates 
keeled but not sharp. Two medium sized preanal plates. 
Twenty-nine to 30 (modally 29) plates in median lateral 
series. Lateral plates keeled, coalescing between 7 th and 9 th 


last postdorsal plates. Caudal peduncle abruptly compressed 
after confluence of lateral plates. 

Dorsal-fin origin more or less in front of pelvic-fin inser¬ 
tion. Dorsal and pectoral fins with i,6 rays. Pectoral spine 
longer than branched rays, slightly curved, reaching much 
beyond pelvic-fin origin. Pelvic fin with i,5 rays; spine long¬ 
er, just reaching anal-fin origin. Anal fin with i,4 rays, spine 
shorter. Caudal fin forked with i,12,i rays. 
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Colouration 

In alcohol, background colour of dorsal surface of head 
and body greyish tan, with 6 to 7 indistinct postdorsal darker 
bands and brownish poorly defined spots and marbling. A 
large black quadrangular area below eyes. Ventral surface 
lighter, yellowish. Abdomen whitish. A large dark band at 
base of caudal fin representing 1/3 of fin surface. External 
part of caudal fin lighter with a thinner brownish band. Tip 
of lower lobe black. Fin rays yellowish tan with distinct dark 
brown spots forming stripes. Tip of dorsal fin with a black 
blotch. Fins membranes hyaline. 

Sexual dimorphism 

Males with a larger head and thickened pectoral spines 
bearing hypertrophied odontodes. 

Distribution and habitat 

Known from upper Paru de Oeste River (Fig. 5). 

Etymology 

The species group name tuna is from the Amerindian 
Trio-Wayana meaning river, water. It refers to H. fluminen- 
sis, which has a name with the same meaning, because of 
their extreme morphological resemblance. A name used in 
apposition. 

Harttia fowled (Pellegrin, 1908) 

(Supplementary material S8) 

Oxyloricaria fowled Pellegrin, 1908: 126. Type locality: Riv¬ 
iere Camopi (Guyane frangaise). Holotype: MNHN 1901-0372. 

Harttia fowled (Pellegrin, 1908): Boeseman, 1971: 9; Rapp Py- 
Daniel and Oliveira, 2001: 81; Provenzano etal., 2005: 21; Covain 
et al., 2006: 9. 

Cteniloricaria fowled (Pellegrin, 1908): Isbriicker, 1979: 91; 
Burgess, 1989: 440; Le Bail et al., 2000: 266; Isbriicker, 2001: 26, 
30; Isbriicker, 2002: 15; Ferraris in Reis et al., 2003: 331; Ferraris, 
2007: 233; Vari et al., 2009: 39. 

Morphometric and meristic data are provided in table I, 
and GenBank accession number for barcode in table II. Only 
one morphometric variable distinguishes H.fowleri from 
all congeneric species (Tab. V). Harttia fowleri possesses 
more numerous lateral abdominal plates [mean = 10 ± 2 
vs 7 ± 1 < mean < 8 ± 2; (HSD, p-values < 0.0001)]. K2P 
distances to congeneric species ranged between 0.176 and 
0.190. Its colouration mimics the substrate. The background 
colour of the dorsal surface is reddish tan (Supplementary 
material S6-C). Sparse dark marbling covers the head sur¬ 
face and 5 to 8 (modally 6) distinct postdorsal bands are 
present. The eyes are golden to copper-coloured. In juve¬ 
niles, this colour pattern is more contrasted over a rather 
greenish background dorsal colour (Supplementary mate¬ 
rial S6-D). A large deep black basicaudal blotch is present. 
The caudal fin is deeply forked with the distal end of the 


lower and upper lobes black, and the medial part yellow¬ 
ish. A black blotch is also present on the tip of the dorsal fin. 
All paired-fins and dorsal-fin spines are covered with dark 
spots. The surface colour of paired fins is reddish anterior¬ 
ly, rather yellowish further posteriorly, and blackish toward 
their extremity. The lower surface of body is yellowish tan. 
The abdominal plating is complete in specimens greater than 
120 mm SF, made of small granular platelets without par¬ 
ticular organization. Abdominal plating reaches gill open¬ 
ing with the throat not covered, and the anterior margin 
V-shaped. Ontogenetic development of the abdominal cover 
is similar to that of H. surinamensis, begins at a smaller size 
and is always complete in adults. Harttia fowleri usually 
has 29 plates in the lateral series, these plates are keeled and 
coalescing toward the 19 th to 21 st plates. The caudal pedun¬ 
cle becomes abruptly more compressed after the confluence 
of plates. The head is wide, with a large elliptic mouth with 
papillose lips. The subpreopercle is well exposed, triangular, 
and covered by odontodes. The teeth are numerous (around 
75 on each jaw), pedunculated, and arranged in a single, 
comblike row. The sexual dimorphism is unknown despite a 
large sampling effort, but could be reminiscent of what can 
be observed in other Harttia. Some specimens bear thicker 
pectoral spines with few, well visible odontodes. Moreover, 
such specimens, suspected to be males, also possess longer 
pectoral and pelvic-fin spines which are prolonged into soft 
extensions (not filamentous). This species is restricted to the 
Oyapock/Oiapoque River drainage in French Guiana and 
Brazil (Fig. 5). This is the largest species of the group within 
the Guianas, and specimens greater than to 220mm SL are 
not unusual. It is an inhabitant of the main channel where it 
colonizes rocky and sandy areas, in fast flowing waters. The 
species is locally abundant. 

DISCUSSION 

This global assessment of the diversity of Harttiini with¬ 
in the Guianas unambiguously demonstrates that the rich¬ 
ness of this group was greatly underestimated until now. 
No fewer than 9 new taxa are presented here increasing the 
total number of known species to 14 (more than twice the 
number previously recorded). The Harttiini show strong 
morphological trends supporting the validity of three gen¬ 
era: Harttiella, Cteniloricaria and Harttia. This division into 
three entities was also strongly supported by the COI bar¬ 
codes, with distinct lineage-specific patterns in GC contents 
and deep genetic divergences between genera (mean = 0.197 
K2P distance). Notably, the high divergences between gen¬ 
era found here are greater than reported elsewhere. Ward et 
al. (2009), in a review about the campaign of DNA barcod¬ 
ing in fishes, reported a mean value of 0.1619 ± 0.0004 for 
the K2P variation within family (= between genera) based 
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Figure 14. - Harttia tuna, holotype, MZUSP 108150, 113.20 mm SL, Sipaliwini Savannah in Trio Amerindian territory at the Suriname- 
Brazil border. Four Brothers Mountains in a tributary of the Paru de Oeste River. 
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on the sequencing of 1,677 specimens belonging to 546 spe¬ 
cies and 273 genera, most of them representing Australian 
marine forms. In another study conducted on freshwater 
fishes from Canada, Hubert et al. (2008) reported a between 
genera variation of 0.1538 ± 0.0001 based on the sequenc¬ 
ing of 1,360 specimens belonging to 190 species and 85 
genera. Our results relating to between and within species 
levels perfectly corroborate previous findings, with within 
species K2P distance variation reaching 0.0027 ± 0.0005 
in this study vs 0.0035 ± 0.0001 in Ward et al. (2009) and 
0.0027 ± 0.0001 in Hubert et al. (2008). The within gen¬ 
era divergences reached 0.0878 ± 0.0333 in this study and 
0.0811 ±0.0004 and 0.0837 ± 0.0003 in Ward et al. (2009) 
and Hubert et al. (2008), respectively. Contrasting slightly 
with these results, Valdez-Moreno et al. (2009) reported a 
variation of 0.1357 ± 0.0007 at between genera level, and 
0.051 ± 0.0008 and 0.0045 ± 0.0001 at within genera and 
within species levels respectively, in the COI sequences 
of freshwater fishes from Mexico and Guatemala (results 
obtained based on 427 specimens representing 61 species 
and 36 genera). These authors hypothesised a more recent 
origin of freshwater fishes compared to their marine counter¬ 
parts to explain differences with Ward et al.’s results. Never¬ 
theless, the hypothesis of a younger origin of freshwater fish 
species is not supported by our results, nor by the study of 
Hubert et al. (2008). The latter, assuming the hypothesis that 
the fragmentation of freshwater ecosystems leads to stronger 
genetic structure among populations and to deeper diver¬ 
gence among haplotypes in freshwater fishes than in marine 
ones (Ward et al. 1994), pointed out that the pattern of varia¬ 
tion in distances was strikingly similar between both groups 
(freshwater and marine fishes). Although they detected geo¬ 
graphic structure in their data, they concluded that the higher 
geographic structure in freshwater fishes was not necessarily 
reflected in deeper intra and interspecific divergence. They 
nevertheless admitted that the Canadian freshwater fish 
fauna could be relatively recent given that most of the riv¬ 
ers and lakes were colonized after the glacial retreat at the 
end of the Pleistocene. The deep differences between genera 
and the surprisingly similar levels of variation between and 
within species observed in our data may thus be explained 
by the fact that Guianese Harttiini represents an ancient line¬ 
age, but its diversification within the Guianas could be rela¬ 
tively recent. 

Hebert et al. (2004) suggested that divergent specimens 
could be flagged as putative species if they showed 10-fold 
the mean intraspecific differentiation for the group under 
study. Ward (2009) demonstrated that this statement was cor¬ 
rect, even thought rather conservative especially consider¬ 
ing cryptic speciation. Ward (2009) refined the approach of 
Hebert et al. (2004), and based on the analysis of 1,088 spe¬ 
cies of fish, proposed that specimens with divergences greater 
than 2% were likely to be different species with a probability 


greater than 0.95. This threshold applied to a great majority of 
our data, since all but two species exhibit interspecific varia¬ 
tions greater than 0.027 (lOx within species distance here of 
0.0027) leading to a distinct barcoding gap between species 
(Meyer and Paulay, 2005). Only Harttiella intermedia shares 
identical barcode sequences with its congener H. longicauda, 
representing less than 6% of all species assignment. Different 
explanations have been proposed to explain such phenom¬ 
ena (Hebert et al., 2003; Meyer and Paulay, 2005; Hubert et 
al., 2008; Ward et al., 2009). Introgressive hybridization and 
poor taxonomy were often put forward. Nevertheless, Hubert 
et al. (2008) pointed out that the establishment of reciprocal 
monophyly between two sister taxa was also a function of 
time, given that fixation of a new coalescent follows the line 
of descent. When not enough time passed to split sister spe¬ 
cies, one may obtain a paraphyletic grouping with one spe¬ 
cies nested within a second one (then the coalescent of the 
first species is contained within the coalescent of the second) 
or a polyphyletic grouping, both species sharing the same 
coalescent (Meyer and Paulay, 2005). Harttiella intermedia 
may consequently represent a vicariant form of the latter 
resulting from a founder effect. Both species being present 
within the Sinnamary basin, a small population derived from 
H. longicauda may have been quite recently isolated in the 
Trinite Massif. Following the example of the East African 
lacustrine cichlid species flock, evolution of morphology in 
a small isolated population can occur very quickly, before 
enough time has passed to genetically differentiate the spe¬ 
cies. Harttiella intermedia could therefore represent rather a 
very recently emerging species whose morphology evolved 
very quickly making it perfectly distinct from H. longicauda. 
The second problem with the global threshold used here con¬ 
cerned the lineage including Harttia surinamensis. The 2% 
threshold used does not allow recognition of H. surinamen¬ 
sis and H. fluminensis as distinct species whereas these two 
entities are clearly morphologically diagnosable. Conversely, 
this threshold allowed the discovery of two pairs of cryptic 
species: Harttia fluminensis and H. tuna, and Harttiella luci- 
fer and H. longicauda. These two pairs of species are indeed 
very difficult to distinguish morphologically but the amount 
of genetic divergence accumulated by both pairs of species 
left no doubt about their validity. This case of morphological 
stasis where the ancestral shape of the group was maintained 
almost identically in the two species while a significant 
amount of mutation has accumulated in their respective COI 
genes, contrasts with the case of H. intermedia and H. longi¬ 
cauda . A last unexpected result was the amount of divergence 
observed in Harttia fowleri. While it appears morphological¬ 
ly very close to Guianese Harttia, it possesses smaller genetic 
divergences with Cteniloricaria. Moreover, the NJ unrooted 
tree obtained here placed H. fowleri outside Harttia and Cte¬ 
niloricaria at the base of the tree. 
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Despite the problems generally encountered in highly 
diversified lineages, the COI barcode approach has proven to 
be a relevant and powerful tool to assess the global diversity 
of Harttiini within the Guianas. Moreover, the significant lin¬ 
eage dependence highlighted in GC content, particularly GC1 
and GC3, allows envisaging their use directly in a multivari¬ 
ate framework for explanatory or discrimination purposes. 

The unifying structure provided by the multi-table 
approach including genetics, morphometry, and ecology-dis¬ 
tribution establishes the link between all types of data, and 
provided a graphical output allowing recognition of congru¬ 
ence and incongruence between tables. Unsurprisingly, the 
morphology and genetics were highly congruent, and few 
variations were observable on the factorial map, the most 
unstable species between preliminary representations being 
H.fowleri. On the other hand, ecological and distributional 
data displayed stronger differences. In all respects, the qual¬ 
ity of the obtained consensus allowed a detailed explora¬ 
tion of the data. Indisputably, the greatest advantage of the 
MCOA is the unification of the different variables contained 
in the different data set within the same analysis. This allows 
a graphical exploration of those variables and highlights 
unrevealed associations between them onto co-inertia axes. 
Indeed, strong correlations were found between an intraphe- 
notypic component composed of genetics and morphology, 
and an extraphenotypic component made of ecological and 
distributional variables. Moreover the tests against phyloge¬ 
netic dependence, first on MCOA axes and secondarily on all 
variables, allow the interpretation of these associations in an 
evolutionary perspective. The evolution of Harttiini within 
the Guianas was thus shaped by (or oriented toward) adap¬ 
tations to a definite type of biotope. Indeed, Cteniloricaria 
and Harttia are members of the rheophilic fauna inhabiting 
the main stream of rivers, a biotope strongly exposed to the 
sunlight. These ecological parameters were tightly linked to 
morphological adaptations such as an increase in size of the 
caudal peduncle revealing adaptation toward better abilities 
for swimming (Watson and Balon, 1984), and to an increase 
in the number of plates providing further protection in these 
rocky and turbulent biotopes. The increase in size of the eye 
may imply that these fish are more active by day (higher 
temperature of the biotope due to higher exposition to the 
sunlight), thus representing diurnal loricariids, a family of 
catfishes usually considered as nocturnal. Moreover, Hart¬ 
tia possesses strong tendencies toward having a wider cau¬ 
dal peduncle, making it an even more powerful and more 
efficient swimmer, as well as having more numerous teeth, 
thereby increasing its ability to grasp algae that grows over 
rocks. These strong ecomorphological trends probably enable 
it to exploit its immediate environment more effectively than 
Cteniloricaria. This probably explains the relative scarcity 
of the latter when both genera are sympatric. This complex 
relationship nevertheless deserves further research to better 


characterize the ecomorphological trends shaping these two 
genera. In contrast, Harttiella evolved adaptations to moun¬ 
tainous forest creeks, a biotope characterised by its cool tem¬ 
perature due to altitude and probably to tree shade, and its 
greater conductivity due to the small size of the streams (less 
water compared to the river) and to the abundant dissolved 
organic matter issued from the decomposition of the con¬ 
stantly falling dead leaves. These adaptations include dwarf¬ 
ism since all Harttiella represent dwarf species of Harttiini, 
the largest specimen presently known being the holotype of 
H. longicauda (52.46 mm SL), as well as changes in shape. 
These include a tendency for the species to be rather thick¬ 
set with broader, longer and deeper head characteristics, and 
a shorter, broader and thicker caudal peduncle. The eye is 
small in Harttiella, perhaps due to the abundant forest cover¬ 
age restricting sunlight or to nocturnal habits. An evolution¬ 
ary trend was also detected in the longitudinal dispersion of 
Harttiini, Harttiella being rather distributed in the eastern 
part of the Guianas, and Cteniloricaria in the western part. 
Even though an evolutionary gradient is revealed, the areas 
of dispersal overlap between the three genera. However, this 
distribution may reflect the capture effort which as been more 
intense in eastern Guianas. Excluding H.fowleri , restricted 
to the extreme east of the Guianas, and following a gradi¬ 
ent from west to east, Cteniloricaria is distributed from the 
Essequibo to the Sinnamary, Harttia from the Coppename 
to the Approuague, and Harttiella from the Maroni to the 
Approuague. Harttiella possesses thus the smallest distribu¬ 
tion of all Harttiini within the Guianas, as well as the greatest 
number of species. This implies very limited distribution for 
several of its representatives, most of them being distributed 
in patches, particularly in the Maroni system. All members 
of the crassicauda group are restricted to few or even single 
creeks of a single mountain, making them highly vulner¬ 
able. The small size of populations coupled with a potential 
absence of gene flow within these species (each genetic sig¬ 
nal being unique for the time being along the Maroni River 
for example) may threaten them with extinction in case of 
severe damage to their immediate environment. This makes 
them species of conservation interest for the definition of pro¬ 
tected areas, and urgent measures should be taken to protect 
the species being directly affected by mining activities. Only 
some members of the longicauda group seem to have a wider 
distribution that includes several river systems. 

A last result provided by the MCOA may be noted. The 
fact that principal coordinates computed from the decom¬ 
position of the K2P matrix were highly correlated with the 
MCOA axes, and that these axes were under phylogenetic 
dependence, implies that the distance matrix contained a 
significant amount of phylogenetic signal. Moreover the 
significance of the test of substitution saturation implies that 
the COI gene is a good candidate for the reconstruction of a 
phylogeny of Guianese Harttiini. The NJ K2P distance tree 
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obtained herein could therefore be very close to the topology 
reconstructed using robust phylogenetic methods. If the posi¬ 
tion of H.fowleri in the NJ tree corresponds to its phyloge¬ 
netic position, Harttia could represent a paraphyletic assem¬ 
blage. Since all Harttiella and Cteniloricaria appear to form 
monophyletic groups in the present topology, the assignment 
of Guianese representative of Harttia to that genus should 
be reconsidered. A genetic comparison to the type species, 
H. loricariformis from the Parafba do Sul River in Southeast 
Brazil would clear up this uncertainty. 

The multi-table approach, initially devoted for the study 
of ecological patterns, has already proven to be relevant in 
the study of synchrony in the temporal variability of aquatic 
communities (Bady et al., 2004), or to the contribution of 
molecular markers to the structures of populations (Jombart 
et al., 2006). In this study, the MCOA also revealed its abil¬ 
ity to extract the evolutionary trends shaped through time in 
a tribe of poorly differentiated catfishes. Still rarely used, 
this type of approach should be considered more widely in 
an evolutionary framework to provide stronger prerequisites 
for a correct estimation of the underlying forces driving the 
evolution of the groups under study. 

KEY TO THE SPECIES OF GUIANESE HARTTIINI 

la. - Minimum caudal peduncle depth 0.94-1.9% of SL. . . 2 

lb. - Minimum caudal peduncle depth 2.0-5.6% of SL. 

. Harttiella 8 

2a. - Presence of a complete abdominal cover in specimens 
greater than 70 mm SL made of medium sized rhombic 

plates; caudal fin with a large median black crescent:. 

. Cteniloricaria 3 

2b. - Absence of a complete abdominal cover; when present, 
abdominal cover restricted to lateral abdominal plates, pre- 
anal plates or made of small granular platelets, cover not 
complete in specimens smaller than 120 mm SL; caudal fin 

often with a black basicaudal blotch. Harttia 4 

3a. - Colour pattern of dorsal surface of body distinctly spot¬ 
ted . C. napova (Paru de Oeste River) 

3b. - Colour pattern of dorsal surface of body indistinctly 

blotched or marbled. 

. C. platystoma (Essequibo to Sinnamary Rivers) 

4a. - Abdominal cover constituted of small granular platelets 


on the abdomen. 5 

4b. - Abdominal cover restricted to preanal and lateral plates; 

a row of platelets may join these two series.6 

5a. - Presence of a large basicaudal spot; teeth arranged in a 


single row. H.fowleri (Oyapock River) 

5b. - Presence of a large basicaudal band; teeth arranged in 
two staggered rows ...//. surinamensis (Suriname River) 


6a. - Presence of small granular platelets between lateral 
abdominal plates and base of pectoral fins; in adults, pres¬ 
ence of a row of platelets joining preanal to lateral abdomi¬ 
nal plates.7 

6b. - Absence of small granular platelets between lateral 
abdominal plates and base of pectoral fins; in adults, absence 
of a row of platelets joining preanal to lateral abdominal 

plates. H. guianensis (Maroni/Marowijne 

to Approuague Rivers) 

7a. - Head depth representing 37.3-43.3% of HL. 

. H.fluminensis (Coppename River) 

7b. - Head depth representing 32.0-38.8% of HL. 

. H. tuna (Paru de Oeste River) 

8a. - Minimum caudal peduncle depth representing 7.3- 
15.8% of caudal peduncle length .... crassicauda group 9 
8b. - Minimum caudal peduncle depth representing 4.3-8.4% 

of caudal peduncle length. longicauda group 12 

9a. - Colour pattern of caudal fin distinctly banded. 

. H. parva (Atachi Bakka Mt) 

9b. - Colour pattern of caudal fin not distinctly banded . . 10 

10a. - Dorsal surface with usually 5 well separated dark 

bands posterior to dorsal-fin origin.11 

10b. - Dorsal surface with usually 4 postdorsal bands, 3 rd 

band appearing as a large black transverse saddle. 

. H.janmoli (Kotika Mt.) 

11a. - Caudal peduncle length more than 40% of SL. 

. H. intermedia (Trinite Mt.) 

lib. - Caudal peduncle length less than 40% of SL. 

. H. crassicauda (Nassau Mt.) 

12a. - Hispid appearance of mature males, width of pectoral 

and pelvic girdles almost equivalent. 

. H.pilosa (Tortue Mt.) 

12b. - Smooth appearance of mature males, pectoral girdle 

much wider than pelvic girdle.13 

13a. Pelvic spine just reaching anal-fin origin. 

. H. longicauda 

13b. Pelvic spine reaching beyond anal-fin origin. 

. H. lucifer 
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51. - Cteniloricaria platystoma. MHNG 2704.016,171.78 mm SL, 
Suriname, Sipaliwini River, Paikali rapid. 

52. - Cteniloricaria platystoma in life for different populations. A: 
Guyana, Essequibo River, Kurupukari Cross (R. Covain); B: Suri¬ 
name, Corantijn River, Cow Falls (R. Covain); C: Suriname, Suri¬ 
name River, Assigon (R. Covain); D: Suriname, Paloemeu River, 
Weyu Camp (R. Covain). 

53. - Harttiella crassicauda, MHNG 2674.051 (specimen MUS 
221), 38.00 mm SL, Suriname, Nassau Mountains, Paramaka 
Creek. 

54. - Harttiella spp. in life. A: H. crassicauda, Suriname, Nas¬ 
sau Mountains, Paramaka Creek (T. Larsen); B: H.pilosa, French 
Guiana, Tortue Mountains, Orapu River drainage in Crique Grillon 
(R. Covain). 


55. - Harttia guianensis, MHNG 2643.008, 146.07 mm SL, French 
Guiana, Litani River, vicinity of Antecume Pata. 

56. - Harttia spp. in life. A: H. guianensis, Suriname, Paloemeu 
River, Weyu Camp (R. Covain); B: H. surinamensis, Suriname, 
Suriname River, Gran Rio (R. Covain); C: H. fowleri, French 
Guiana, Oyapock River, Alikoto Falls (R. Covain); D: H. fowleri, 
French Guiana, Oyapock River, Moulou Koulou (R. Covain). 

57. - Harttia surinamensis, MHNG 2673.033 (specimen SU05- 
230), 183.98 mm SL, Suriname, Suriname River, Cajana Creek. 

58. - Harttia fowleri, MHNG 2680.091 (specimen GF06-016), 
210.47 mm SL, French Guiana, Oyapock River, Alikoto Falls. 


Cybium 2012, 36(1) 


161 


